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Voorwoord
In het voorjaar van 2004 benaderde BuitenGewoon Brummen de Wetenschapswinkel van 
Wageningen Universiteit en Researchcentrum met de vraag een onderzoeksproject op te starten 
naar de effecten van de huidige verkeerssituatie in het buitengebied op leefbaarheid, ecologie 
en recreatie. Ook het ontwikkelen van alternatieven om te komen tot een verbetering van de 
verkeerssituatie maakte deel uit van de vraag.
Na bemiddeling door de Wetenschapswinkel zijn er drie studies gestart. De eerste studie is 
gedaan via een Academic Master Cluster (AMC). De AMC groep heeft voorbereidend onderzoek 
gedaan en een bewonersavond georganiseerd. De resultaten hiervan zijn gebruikt bij twee 
vervolgonderzoeken. Het eerste vervolgonderzoek heeft zich speciﬁ ek op verkeer en leefbaarheid 
gericht, het andere onderzocht de relatie tussen verkeer en ecologie. Voorliggend rapport gaat 
verder in op de resultaten van het ecologisch onderzoek.
Jorna Arisz heeft de relatie tussen verkeer en ecologie in het buitengebied tussen Brummen en 
Eerbeek bestudeerd. Zij heeft dit onderzoek uitgevoerd in het kader van een afstudeeropdracht 
bij de Leerstoelgroep Resource Ecology Group. In haar onderzoek beschrijft zij enerzijds wat 
de huidige ecologische waarden zijn in het gebied. Anderzijds analyseert zij, op basis van de 
scenario’s uit het rapport ‘Verkeer in het buitengebied van de gemeente Brummen’ (Van den 
Berg et. al.), wat de effecten van veranderingen in het verkeersnetwerk zijn op deze ecologische 
waarden. Dit rapport vormt het eindresultaat van haar onderzoek.  
Tijdens het onderzoek is regelmatig overleg geweest met een begeleidingscommissie, bestaande 
uit: Erik Prins (BuitenGewoon Brummen), Frank van Langevelde (Leerstoelgroep Resource Ecology 
Group), Wilco Zwaneveld  (Natuurmonumenten), Roene van Dijk (Dorpsraad Oeken-Voorstonden-
Broek), John van Unen (Dorpsraad Hall), Rinus Jaarsma (Leerstoelgroep Landgebruiksplanning), 
Leon van den Berg (onderzoeker verkeer), Jorna Arisz (onderzoeker ecologie) en Tamara Ekamper 
(coördinerend projectleider Wetenschapswinkel).
Op deze plek willen we iedereen bedanken, die op enigerlei wijze een bijdrage heeft geleverd 
aan dit onderzoek. Wij gaan ervan uit dat dit rapport zowel BuitenGewoon Brummen als de 
gemeente Brummen voldoende inzicht biedt in de ecologische kwaliteiten van het buitengebied 
en handvatten biedt om samen te komen tot een duurzame (ecologisch verantwoorde) inrichting 
van het wegennet in het buitengebied van Brummen.
Erik Prins (BuitenGewoon Brummen)
Frank van Langevelde (Leerstoelgroep Resource Ecology Group)
Gerard Straver (Wetenschapswinkel Wageningen UR)
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Nederlandse samenvatting (Summary in Dutch)
Medio 2002 veranderde de verkeerssituatie in de omgeving van Brummen door de aanleg van 
een rotonde en een nieuwe weg (Kwazenboschweg) tussen de Michaelshoeve in Brummen en de 
N348, de provinciale weg tussen Dieren en Zutphen. BuitenGewoon Brummen constateert dat 
sindsdien opvallend veel meer verkeer gebruik maakt van de wegen in het buitengebied tussen 
Brummen en Eerbeek. Wat de effecten zijn van de huidige verkeerssituatie en van alternatieve 
scenario’s op het gebied van leefbaarheid, ecologie en recreatie wordt in twee studies 
beschreven. De studie van L.L. van den Berg betreft met name de verkeerskundige situatie in 
het buitengebied (Van den Berg, 2005). Deze studie richt zich vooral op de consequenties van 
het verkeer op fauna in het gebied. 
Wegen en het verkeer hierop hebben negatieve invloeden op de fauna. De meest zichtbare zijn 
aanrijdingen.  Echter er zijn ook minder zichtbare consequenties waarvan de belangrijkste, voor 
deze studie, zijn: Verstoring door lawaai voor vogels, het vermijden van wegen en het barrière 
effect. 
De vragen die in deze studie zijn onderzocht, zijn:
1. Kunnen de aanrijdingen worden gerelateerd aan weg- en verkeerskarakteristieken?
2. Verstoort het gemiddelde geluidsniveau de verschillende vogelsoorten in het gebied?
3. Wat zijn de relaties tussen de kans op succesvol oversteken en weg- en verkeerskarakteris-
tieken?
4. Is er een invloed van de plattelandswegen in het buitengebied op het migratiepatroon van de 
das?
5. Is er een veranderde invloed op de fauna door de veranderde verkeerssituatie in het gebied? 
6. Wat is de invloed van de verkeerscenario’s op de fauna in het gebied?
De studie bestaat uit data analyse van verkeersgegevens en gegevens over aanrijdingen. 
Daarna is er een modelstudie uitgevoerd naar de kans op succesvol oversteken van individuele 
zoogdieren en amﬁ bieën. Tevens is er een simulatie gedaan van het migratiepatroon van de 
das in het gebied, gericht op het oversteken van de wegen in het gebied. Als laatste is er een 
scenariostudie uitgevoerd naar de verwachtingen voor 2015. In drie scenario’s worden ingegrepen 
voorgesteld in de verkeersstromen en één scenario betreft een autonome ontwikkeling. 
Het studiegebied is zeer afwisselend. Het is een overgangszone van de bossen en heiden van de 
Veluwe, naar het rivierenlandschap van de IJssel. Het gebied zelf bestaat uit veel natuurgebieden 
(waarvan Leusveld, Voorstonden en Empese en Tondense Heide de belangrijkste zijn). Het gebied 
kent een paar karakteristieke diersoorten: de kamsalamander (delen van het gebied zijn voor 
deze soort aangemerkt als deel van de Europese Habitatrichtlijn), de knoﬂ ookpad en de das. 
Tevens zal in de toekomst het gebied gebruikt gaan worden als corridor van de Veluwe naar de 
IJssel, waardoor het gebied meer gebruikt zal worden door herten. Het gebied kent van zichzelf 
al een reeën populatie. 
De verkeersintensiteit op de wegen in het gebied is toegenomen in de jaren voor en na de 
aanleg van de Kwazenboschweg. Het aantal aanrijdingen van reeën en dassen is echter niet 
toegenomen. Deze aanrijdingen waren niet signiﬁ cant gecorreleerd aan de weg- en verkeers
karakteristieken: verkeersintensiteit, wegbreedte en type weg (plattelandsweg of provinciale 
weg). Het feit dat deze aanrijdinggegevens niet gerelateerd zijn aan deze karakteristieken zal de 
verklaring zijn waarom de verkeersintensiteit wel is toegenomen en de hoeveelheid aanrijdingen 
niet.
De kansen voor succesvol oversteken zijn voor zowel amﬁ biesoorten als zoogdiersoorten in 
het gebied berekend, met behulp van twee oversteekmodellen. Bij de zoogdieren bleken deze 
kansen signiﬁ cant gedaald. Dit kan verklaard worden doordat in het model verkeersintensiteit 
een variabele is. De verklaring die het meest aannemelijk is voor het feit dat de oversteekkansen 
gedaald zijn en het aantal aanrijdingen niet is gestegen, is dat de dieren de wegen zijn gaan 
mijden, ondanks het feit dat bewoners in het gebied nog steeds dieren zien oversteken.
Van de dassen in het gebied steekt 67% tussen 2 en 4 wegen per nacht over, zich elke keer 
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blootstellend aan het voorbij komende verkeer. De wegen in het gebied die extreem vaak worden 
overgestoken (relatief ten opzichte van de gemiddelde waarde) zijn vooral de oost-west liggende 
plattelandswegen die langs of door de diverse natuurgebieden in het studiegebied liggen. De 
wegen die meer dan gemiddeld worden overgestoken door dassen zijn ook die wegen waar de 
meeste dassen worden doodgereden.
Wanneer de geluidsbelasting in het gebied wordt vergeleken met de drempelwaarden voor 
geluidsverstoring van de diverse vogelsoorten blijkt dat de meeste soorten in het gebied door 
geluidsverstoring in hun aantal beperkt worden.
Voor de toekomst van het gebied zijn er vier scenario’s ontwikkeld. Drie houden in dat er 
ingegrepen wordt in het gebied, bij het vierde worden er geen ingrepen gepleegd. Deze vier 
scenario’s zijn:
• 2015. Hierbij zullen er geen ingrepen in het gebied worden gedaan en wordt voorspeld dat het 
verkeer op de wegen met 20% zal groeien over de gehele periode. Dit door de voortdurende 
toename in verkeer en de aanleg van een nieuwe wijk
• Bereikbaar buitengebied. Hierbij zullen de wegen aangepast worden aan de groeiende 
verkeersintensiteit door middel van wegverbreding
• Rust en Ruimte. Hierbij zal al het doorgaande verkeer over de grote provinciale wegen geleid 
worden en zullen de plattelandswegen verkeersluw worden gemaakt.
• Rust en Ontsluiting. Het globale idee komt overeen met Rust en Ontsluiting, maar één van de 
oost-west liggende plattelandswegen zal worden opgewaardeerd zodat deze ook een deel van 
het doorgaande verkeer zal dragen naast de oost-west gelegen provinciale weg.
Voor deze scenario’s zijn de verkeersintensiteiten op de wegen in 2015 berekend (in Van den 
Berg, 2005), waarna met de oversteekmodellen en het dassen simulatiemodel is gekeken naar 
de invloed van deze scenario’s op de fauna in het gebied. 
Wanneer er niks wordt ondernomen zullen de verkeersstromen toenemen in het gebied (scenario 
2015). Dit heeft negatieve gevolgen voor de fauna in het gebied. Vanuit ecologisch oogpunt is 
een ingreep in het gebied wenselijk.
Wanneer de wegen worden aangepast aan de verkeersstromen (in wegbreedte) (scenario 
Bereikbaar Buitengebied) zal de situatie nog meer verslechteren dan wanneer er niks gedaan 
wordt, wat dit dus een niet wenselijk scenario maakt (vanuit ecologisch oogpunt). Bredere wegen 
betekend namelijk dat dieren er langer over doen om deze over te steken en hierdoor worden er 
meer dieren aangereden. Ook de algemene mening bij de belangengroepen in het gebied is dat 
aanpassing van de wegen alleen maar meer verkeer zal aantrekken en wordt dan ook door hen 
als niet wenselijk gezien.
Het scenario Rust en Ontsluiting zal op de meeste plattelandswegen in het gebied verbetering 
brengen. Deze wegen zullen minder verkeer gaan verwerken, wat positieve gevolgen heeft 
voor de fauna. Echter de plattelandsweg die zal worden opgewaardeerd maakt dat dit niet het 
ideaalste scenario is. Omdat al de plattelandswegen in het gebied langs of door één van de 
natuurgebieden loopt, zal deze weg altijd negatieve gevolgen hebben voor de fauna (aanrijdingen, 
verstoring door geluid). Omdat slechts twee wegen veel verkeer gaan dragen, is het eventueel 
wel mogelijk maatregelen te treffen op deze wegen om de fauna te ontzien.
Bij het scenario Rust en Ruimte zal het verkeer over slechts één doorgaande weg worden geleid. 
Dit zal ervoor zorgen dat die weg een grotere barrière vormt voor de fauna, maar omdat dit 
slechts één weg betreft is het relatief eenvoudig dit te compenseren. Bovendien betreft dit een 
provinciale weg die niet door één van de natuurgebieden ligt, wat het aannemelijk maakt dat 
deze weg alleen door dieren met een grotere migratieradius wordt overgestoken. De overige 
plattelandswegen zullen verkeersluw worden, wat de mogelijkheden voor de fauna doet toenemen, 
zelfs ten opzichte van de huidige situatie. Met dit scenario is het mogelijk om het gebied zijn 
grote waarde voor de fauna te laten terugkrijgen.
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Summary
Roads and the trafﬁ c on these roads have a lot of impacts on wildlife. Although some are 
positive, these impacts are mainly negative. The most important negative inﬂ uences for this 
study are: road kills, disturbance, avoidance and the barrier effect. The research was provided 
by the workgroup BuitenGewoon Brummen which is concerned about the trafﬁ c situation in the 
rural area of the municipality Brummen (the residents presume a increase in trafﬁ c after the 
construction of a roundabout called the Kwazenboschweg) and the impact of this on safety, 
liveability recreation and wildlife. The study area has a very diverse landscape with a great 
diversity in wildlife. Important species in the area are badgers and deer species and the rare 
amphibian species crested newt and spade foot toad.
The research questions for this study are:
1. Can road kill victims be linked to road and trafﬁ c characteristics? 
2. Does the average noise level from the roads disturb the different bird species present in the 
area?
3. What are the relations between the probability for successful road crossing and road and 
trafﬁ c characteristics?
4. Is there an impact of minor rural roads in the Brummen study area on the migration pattern 
of individual badgers? 
5. Is there a changed impact of the changed trafﬁ c situation in the vicinity of Brummen on the 
wildlife?
6. What is the impact of trafﬁ c scenario’s on the wildlife in the area?
The study consists of data analysis, two model studies for the probabilities for successful road 
crossing (for mammals and for amphibians), a badger simulation model and a scenario study for 
possible future trafﬁ c ﬂ ows. 
The trafﬁ c intensities in the study area have increased in the years before and after the construction 
of the Kwazenboschweg. The badger and roe deer road kill numbers have not increased. These 
road kill victims could not be linked to the researched trafﬁ c characteristics: paving width, trafﬁ c 
intensity and type of road (provincial or minor rural road). 
The probabilities for successful road crossing have decreased in the years between before and 
after the construction of the Kwazenboschweg, this is because these models are partially based 
on trafﬁ c intensity. Of the badger in the area 67% cross between 2 and four roads per night, each 
road risking a road kill. A lot of the East-West oriented minor rural roads in the area are crossed 
in extreme (compared to the average number of crossings per road per night). These roads are 
situated all in or bordering the nature reserves in the study area. The roads that are crossed 
more than average by badgers, are also the roads on which most badgers are road killed. Based 
on a graphical map with noise level values comparing with the noise threshold values of the bird 
species in the area, most species are present in low numbers. 
In the scenario study the trafﬁ c intensities for 2015 are predicted. The trafﬁ c intensities for 2015 
without trafﬁ c measures are based on an increase of 20% over the whole period. Calculations 
with three alternative scenarios were made. The trafﬁ c scenario Accessible Rural Area would 
adapt the paving width to the increased trafﬁ c numbers. This would imply a deterioration of 
the current situation. The scenario Rest and Accessibility implies a decrease in trafﬁ c intensity 
on most of the minor rural roads in the area, except for two junction roads that will carry extra 
trafﬁ c. This scenario is an improvement for most of the roads, except for the minor rural road 
that will become adapted to carry extra trafﬁ c (next to a provincial road that will carry extra 
trafﬁ c). This upgrading will inevitably lead to extra road kills. The scenario Rest and Space is 
preferred from ecological point of view. This implies that the minor rural roads in the area will 
become trafﬁ c calmed, leading the trafﬁ c across the main roads in the area.
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1 Introduction
1.1 Problem description
Roads inﬂ uence their surroundings. This could be effects on humans, but there are also effects 
on wildlife. These roads and the trafﬁ c that uses the road have various inﬂ uences on wildlife. 
There are two major impacts of roads: The ﬁ rst is road kills, the second the barrier effect.
The most confronting inﬂ uence of roads on nature is the road kills. The number of road victims 
seems to be constantly growing as trafﬁ c numbers increase and the infrastructure network 
expands (Trombulak and Frissell, 2000). Road kills have become the main direct effect of 
humans on vertebrate mortality on land (Forman and Alexander, 1998).  On various kinds of 
roads animals get killed by trafﬁ c. The most eye-catching are of course large mammals, but 
lots of other animals become victim, insects, amphibians, reptiles, birds etc, most of them the 
drivers do not even notice. The numbers of insects that get killed are numerous (estimation 
of 3,000,000 per year in France). In the Netherlands each year approximately 2 billion birds, 
between 60,000 and 300,000 hedgehogs, 15-50% of the toad migrating population and 
159,000 mammals in total, including >47,000 rabbits, tens of roe deer, hundreds of martens 
and approximately 300 badgers get killed, this is a quarter of the total Dutch population (various 
sources, including Van den Tempel, 1993, Van Apeldoorn, 1997). These numbers are large, but 
the largest part is not even counted, because they are not recognizable any more or are cleaned 
up by scavengers. 
Road width, vehicle numbers (volume) and speed affect the road kill rates (Forman and Alexander, 
1998 and Van Langevelde and Jaarsma, 2004). The wider the road, the more time an animal 
needs to cross the road and the higher the collision risk. The more cars (volume) and the 
higher the speed the smaller the interval to cross the road becomes, and thus the larger the 
chance that a car hits an animal. Usually also a wider road implies higher speed of the cars (Van 
Langevelde and Jaarsma, 1997). According to Oxley et al (1974), Berthoud (1987), Van der 
Zee et al (1992) and Clarke et al (1998), the number of road kills seems to increase with trafﬁ c 
intensity to an optimum point, after which they level off. At very high trafﬁ c volumes noise and 
vehicle movements have the effect of deterring the animals (Seiler, 2002, Van Langevelde and 
Jaarsma, 1997). 
It is clear that where favourable habitat patches coincide with infrastructure, or where roads 
intersect with linear structures in the landscape, the risk of collision is increased (Puglisi et al, 
1974, Feldhamer et al, 1986, Koﬂ er and Schulz, 1987, Putman, 1997, Gundersen et al, 1998 
and Lode, 2000). Although the number of killed animals can be a quite large, this does not mean 
that it has a large inﬂ uence on a population. The barrier effect has a much larger inﬂ uence 
on population level (Forman and Alexander, 1998). The barrier effect can be described as the 
resistance of the landscape between patches of suitable habitat (Cuperus and Canters, 1997).
The barrier effect of roads is a result of the combination of disturbance and avoidance effects, 
mortality and physical hindrances (Seiler, 2002). Some kind of barrier effect of roads has been 
proven for birds (for instance Reijnen, 1995) and mammals (Fletcher and Busnel, 1978). Roads 
can lead to fragmentation (Cuperus and Canters, 1997). The barrier effect contributes most 
to the overall fragmentation of habitat (Reck and Kaule, 1993, Forman and Alexander, 1998). 
Fragmentation leads to smaller populations that may form metapopulations. A small local 
population of the metapopulation has a larger chance of getting extinct (a local extinction) due to 
random causes. This does not have to be a very large problem, because the area of that local 
population can be colonized by individuals of other local populations. The barrier however might 
prevent this from happening. This could imply that the metapopulation could go extinct (when all 
local populations would get extinct). 
The study will focus on road kills on and the barrier effect of minor rural roads. Minor rural roads 
have to some extent different inﬂ uences on wildlife than other types of roads (highways and main 
roads). The total length of lower order roads is much larger, which implies that they contribute 
much more to habitat destruction than high order roads, although they have a smaller width. 
Minor rural roads are usually one lane roads of a width between 2.5 and 5.5 meters. Due to 
their smaller width, they usually do not form an absolute barrier. The local roads have smaller 
trafﬁ c intensity. There are periods with vehicles and periods with relative rest. The disturbance 
is therefore irregular and wildlife can adapt less to such a situation. Animals tend to cross roads 
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without an absolute barrier more often. This means that local roads have a smaller barrier effect 
but a relative high road kill chance (Jaarsma et al, 2000). 
1.2  Research
This thesis mainly studies the inﬂ uence of the trafﬁ c situation in the rural area of the municipality 
Brummen on the wildlife present. The study area is in the province Gelderland, in the Netherlands. 
Brummen is located in a divers landscape; it is situated between the large forest and heath land 
nature area the Veluwe in the south-west and a river landscape of the river IJssel in the east (see 
for a detailed description of the study area chapter 2.1).
The central problem concerning this study is: the impact of minor rural roads and trafﬁ c on 
animal wildlife. This general impact has been studied very often. There is however still lack of 
knowledge in some part. This study will focus on the mortality effect of these minor rural roads. 
To cover the problem the research will have several topics. 
The ﬁ rst topic is the effect of trafﬁ c characteristics on mortality. In data analysis, the trafﬁ c 
situation before and after trafﬁ c measures carried out in the Brummen study area will be compared. 
Quantitative aspects will be the main focus. This will be carried out for several animal species. 
These road kill victims will be analyzed for different trafﬁ c characteristics. The second topic will 
be the impact of trafﬁ c characteristics on breeding birds. Different groups of birds have different 
threshold values for which disturbance is proven (Reijnen et al, different publications, see also in 
further text). These threshold values can be compared with the values measured.
The third topic will be a theoretical probability for successful road crossing. This can be 
calculated for the most important roads concerning the problem in the area. It can be calculated 
for several animal species (larger mammals and amphibians). This becomes more interesting 
when this theoretical chance is linked to other information from the area.
The last topic is the effect of trafﬁ c characteristics on the migration pattern of the individual 
badger. This topic will be a model study.
Therefore the main research questions will be:
1. Can road kill victims be linked to road and trafﬁ c characteristics?   
2. Does the average noise level from the roads disturb the different bird species present 
in the area?
3. What are the relations between the probability for successful road crossing and road 
and trafﬁ c characteristics?
4. Is there an impact of minor rural roads in the Brummen study area on the migration 
pattern of individual badgers?
5. Is there a changed impact of the changed trafﬁ c situation in the vicinity of Brummen 
on the wildlife?
6. What is the impact of trafﬁ c scenario’s on the wildlife in the area?
To cover the problems concerned with wildlife and trafﬁ c, the study will consist of different small 
researches of data analyses added with model description and ﬁ nally a scenario study. The 
scenarios are derived from the research on the trafﬁ c situation in the study area by Van den 
Berg, 2005. 
The study will be split up into three parts. The ﬁ rst part will be a data analysis (chapter 3). The 
data will be used to do step two, which is setting up models, to relate trafﬁ c characteristics to 
mortality and on the disturbance effect of roads. These results will be presented in chapter 4. 
Finally the set up models will be a tool for step three, where different scenarios will be compared 
on their impact on the species present in the Brummen study area (chapter 5). Chapter 6 will 
summarize and discuss the results of all three parts. 
In the following chapter (2), the study area and the ecological values in the area will be 
described. 
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2 The case study area
2.1  Problem description
The workgroup BuitenGewoon Brummen consist of residents of the minor rural roads in the 
municipality of Brummen, in the province Gelderland, in the Netherlands. This workgroup was 
founded because the residents began to worry about the increased numbers of trafﬁ c and the 
impact of this on safety, liveability and the natural values of the rural area. This increase is probably 
caused by a change in infrastructure, namely the construction in 2002 of a roundabout in the 
crossing of the N348 and N345 (provincial roads) and a connection with the Zutphensestraat, the 
Kwazenboschweg (also called the B1), which is constructed earlier. In that same period, the centre 
of Brummen is adjusted to slow trafﬁ c, it has become a 30 km/h zone. The outside area has 
been turned into a 60 km/h zone. These two measures are part of the plan for road safety for the 
municipality of Brummen. The residents of the Rhienderensestraat and other roads experienced 
that these measures increased trafﬁ c in the rural area between Brummen and Eerbeek. Likely, 
these increased trafﬁ c numbers would have led to increased road kills with animals. A source for 
this information is the WBE Brummen, this is the wildlife management group, which takes care 
of the wildlife in the area. One of the activities of the WBE Brummen is recording the number 
of collisions with wildlife (which are reported to the Wildlife management group by for example 
the police department or residents of the area) and picking up the dead animals. They have an 
overview of number of road kills on roe deer (see Chapter 3 for the data analysis).
2.2  Description of the study area
The municipality Brummen is located in the province of Gelderland in the Netherlands. The 
municipality is situated south of the city triangle Apeldoorn, Deventer and Zutphen. It is situated 
in an area that is a transition zone from the central Veluwe, in this case national park Veluwezoom 
(owned by Natuurmonumenten) to a river landscape, in this case the river IJssel. It is near two 
highways and is covered with smaller and larger roads (for an overview of the roads in the study 
area see appendix 1 and an overview of the land use see appendix 15). 
In the study area Natuurmonumenten is the most important terrain managing organisation. 
The most important nature areas are: Leusveld, Voorstonden and the Empese en Tondense 
Heide (Heathland). Other natural areas are Soerense Broek and Groot Soerel and Loenense 
Hooilanden.
The Leusveld (see ﬁ gure 2.1) is an area situated between Brummen and Hall. It lies on a sandy 
rich between two brooks, the Rhienderense Beek and the Oekense Beek. It is an estate of 175 ha 
and consists of deciduous and pine forests, coppice forest and farmland (arable and grassland). 
The area used to be a very wet area, but is now drying out. Natuurmonumenten tries to keep the 
area valuable by holding calcium rich seepage in the area. The most important species present 
in the Leusveld are: Badgers, with a sett which one is the largest in the region, roe deer, tree 
marten, polecat, different bat species, owls, birds of prey, woodpeckers, woodchip, kingﬁ sher, 
corncrake and eleven species of amphibians and reptiles. The crested newt (Triturus cristatus) 
and spade foot toad (Pelobates fuscus) are two rare amphibian species.
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Figure 2.1 The location of the area Leusveld     Figure 2.2 The location of area Voorstonden
(source; www. Natuurmonumenten.nl). (source; www. Natuurmonumenten.nl).
The Voorstonden area (see ﬁ gure 2.2) is situated north-west of Rhienderen. It consists of arable 
land and deciduous and pine forest. Just like the Leusveld, Voorstonden is also a wet area, 
including a brook: the Voorstondense Beek. The main species in Voorstonden are roe deer, 
seven species of bats, several reptile and amphibian species including crested newt (Triturus 
cristatus), spade foot toad (Pelobates fuscus) and numerous insects.
The Empese en Tondense Heide is a 158 hectare area. It is situated south of Klarenbeek. It 
consists of heathland, swamp, forest and poor marshland. These marshlands are wet and to 
keep them nutrient poor, they are mowed every year. This mowing regime has lead to the 
presence of several rare plant species and 34 butterﬂ y species. Other important animals present 
are black tailed godwit, redshank, roe deer and reptile species.
In the area there is a wide variety of species present and it is not feasible to give a complete 
overview of it (in this study). In this research, the priority lays on larger mammal species (road 
kills) and amphibian species (European habitat directive). In table 2.1 the species which would 
be a possible road kill victim are listed, with the areas in which they are present. This overview is 
restricted to mammals, reptiles, amphibians and birds. 
- 5 -Wetenschapswinkel Wageningen UR Rapport 224
Crossing Wild
Table 2.1 Overview of the species present in the Natuurmonumenten natural areas.
Soerense 
broek Leusveld Voorstonden E+T-heide
Groot 
Soerel
Species Scientiﬁ c name
Mammals
rabbit Oryctolagus cuniculus
squirrel Sciurus vulgaris
whiskered bat Myotis mystacinus
pine marten Martes martes
polecat Putorius putorius
badger Meles meles
red deer Cervus elaphus
hedgehog Erinaceus europaeus
natterer’s bat Myotis nattereri  
common 
(or brown) 
long-eared bat
Plecotus auritus
stoat Mustela erminea
roe deer Capreolus capreolus
daubenton’s 
bat
Myotis 
daubentonii
weasel Mustela nivalis
Birds
barn owl Tyto alba
kingﬁ sher Alcedo atthis
Reptiles
slow worm Anguis fragilis
grass snake Natrix natrix
Amphibians 
common toad Bufo bufo
(great) crested 
newt Triturus cristatus  
common 
(smooth) newt Triturus vulgaris
spade foot 
toad Pelobates fuscus
natterjack toad Bufo calamita
common brown 
frog Rana temporaria
reasonably present
present (source: 
Natuurmonumenten)
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Recently, the study area has been pointed as part of the ‘European habitat directive’. This European 
habitat directive is part of European regulation. In short the European habitat directive means 
that activities, plans and projects in areas which have been pointed in the habitat directive, have 
to be tested on their effect on nature. The habitat directive obliges countries to take measures 
and to create a system of strict conservation of these plant and animal species. In the Brummen 
study area, the nature areas Leusveld, Voorstonden and Empese en Tondense heide are the 
areas which are part of the habitat directive (see appendix 16). These areas are pointed because 
of the presence of the crested newt.
The crested newt and spade foot toad are present in the nature areas. Both species are very 
rare in the Netherlands. 
The roads in the study area are municipality roads (mostly minor rural roads) and a few provincial 
roads (for an overview of the roads in the study area see appendix 1). The minor rural roads are 
mostly East-West oriented; some of the measured roads are in the North-South direction. Most 
of these measured East-West roads are situated intersecting the important natural areas (see 
table 2.2). These roads are:
• Voorstondensestraat (through Voorstonden)
• Vosstraat (between Leusveld and Voorstonden)
• Kaniestraat (not paved any more) (Leusveld)
• Rhienderensestraat (Leusveld)
Table 2.2 Bordering and intersecting roads of the nature areas. Italic roads are roads of which the 
PSRC’s (see Chapter 5) are not  calculated.
Nature area Bordering or intersecting roads
Leusveld
Vosstraat, Knoevenoordstraat, Rhienderensestraat, Kaniestraat, 
Kikvorsenstraat, Hogestraat, Heimeriete, Stouwstraat, Den 
Broekweg
Voorstonden
Vosstraat, Voorstondensestraat, Hoevesteeg, Hallsedijk, 
Windheuvelstraat, Haarweg, Voorsterweg, Buurtweg
Empese en Tondense Heide Hallsedijk, Langedijk, Mestweg, Lendeweg
Soerense Broek
Broekdijk, Leuvenheimsestraat, Kappersweg, Lichtenbeltweg, 
Spankerenseweg
Groot Soerel Breestraat, other roads municipality Voorst
Some of the other measured roads form the outside border of these natural areas;
• Hallsedijk (Empese en Tondense Heide)
• Knoevenoordstraat (Leusveld)
• Hoevesteeg (Voorstonden)
• Langedijk (Empese en Tondense Heide)
The provincial roads in the study area are the N348, N786 and N387. The N787 also called the 
Eerbeekseweg goes from Brummen to Eerbeek or vice versa, the N786 from Dieren to Eerbeek 
(and further) and the N348 from Dieren to Brummen (and to Zutphen). These roads do not border 
or cross the natural areas. However they can be crossed by more migratory animals. Because 
they have higher trafﬁ c numbers they could also lead to increased road kills. 
The province of Gelderland has made plans for the future of the Veluwe. This plan is called 
Veluwe 2010. In this plan corridors are planned from the Veluwe to the IJssel delta. This is part 
of a much larger plan to give the larger herbivores (mainly deer species) on the Veluwe the 
opportunities to forage on richer grounds of the river valleys of IJssel in the east and Rhine in the 
south of the Veluwe. In the study area there is a corridor planned, called the Soerense Poort, to 
make a corridor between the Veluwe (in this case National Park Veluwezoom) and eventually the 
Reichswald, in Germany. This corridor is planned across the area Soerense Broek, in the bottom 
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part of the study area (south of the virtual line Eerbeek-Brummen). This corridor to the river 
IJssel is crossed by two of the provincial roads (the N786 and the N348), which results in more 
crossings of these roads by deer. When the deer species have better opportunities to reach the 
study area from the Veluwe then it is also reasonably that they also move more north into the 
study area, which means they would also cross the N787 more often (which is more or less along 
the virtual line Eerbeek-Brummen). 
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3 Data analysis
3.1  Analysis of the traffic situation
The trafﬁ c numbers on the different roads in the Brummen study area have been counted in 
several years in several periods. In appendix 6 there is an overview of not only the average 
number of vehicles per minute (based on the counted numbers per day), but also in which year(s) 
the particular road has been counted. From most roads that are important for the study the trafﬁ c 
numbers are known, which not only makes it possible to do further research on these numbers 
but also apply them in calculating the probability of successful road crossing. For some roads 
the trafﬁ c numbers over the years are known, which makes it possible to say something about 
the change in trafﬁ c numbers over the years. In this report the results of the statistical analyses 
are presented. The analyses themselves can be found in the extended version of ‘Crossing wild’ 
(thesis report WUR, Arisz).
3.1.1  Statistical analysis of the traffic numbers before and after the construction 
of the Kwazenboschweg
For the roads which have been counted in different years, it is possible to statistically analyze 
for differences before and after the construction of the Kwazenboschweg. The roads for which 
the trafﬁ c numbers before and after the construction of the Kwazenboschweg are available 
are: the Eerbeekseweg, the Knoevenoordstraat, the Windheuvelstraat and the Hoevesteeg. The 
hypothesis which is tested is: There is no difference in trafﬁ c numbers before and after the 
construction of the Kwazenboschweg. This hypothesis is tested for these roads separately and 
for these four roads combined. The results of these statistical analyses are: 
• There is signiﬁ cant difference in trafﬁ c numbers on the Eerbeekseweg between before and 
after the construction of the Kwazenboschweg. The trafﬁ c numbers on the Eerbeekseweg are 
signiﬁ cantly lower before than after the construction of the Kwazenboschweg.
• There is signiﬁ cant difference in trafﬁ c numbers on the Hoevesteeg between before and 
after the construction of the Kwazenboschweg. The trafﬁ c numbers on the Hoevesteeg are 
signiﬁ cantly lower before than after the construction of the Kwazenboschweg.
• There is signiﬁ cant difference in trafﬁ c numbers on the Windheuvelstraat between before and 
after the construction of the. The trafﬁ c numbers on the Windheuvelstraat are signiﬁ cantly 
lower before than after the construction of the Kwazenboschweg.
• There is no signiﬁ cant difference in trafﬁ c numbers on the Knoevenoordstraat between before 
and after the construction of the Kwazenboschweg. 
To get an overall overview of the possible difference in trafﬁ c numbers in the study area it is 
necessary to combine these four roads. The outcome of this test is that there is signiﬁ cant 
difference in trafﬁ c numbers between before and after the construction of the Kwazenboschweg. 
When these examined four roads are representative for all the roads in the Brummen study 
area than the trafﬁ c numbers are signiﬁ cantly lower before than after the construction of the 
Kwazenboschweg.
3.1.2  Source of the traffic on the East-West oriented roads
In a preliminary study, research was done on the possible use of the East-West roads by through 
trafﬁ c (Van Lieverloo et al, 2004). License plates were recorded to study whether the cars on 
the Rhienderensestraat also used the Kwazenboschweg. When the license plates of the cars that 
passed were registered during a certain time slot, it was also recorded what kind of vehicles 
passed. The study was done on two mornings, during two sessions. The ﬁ rst session was 
during rush hour (7:30 – 9:00 hour); the second session was after the morning rush hour (9:30 
– 11:00 hour). This gives the possibility to compare the results on busy moments of the day, with 
probably some home-work through trafﬁ c, with calm moments of the day. In total during four time 
slots measurements were done. 
The measured trafﬁ c ﬂ ow is from Zutphen to Eerbeek. Table 3.1 gives an overview of the trafﬁ c 
that passed the counting locations and to which category they belonged. On the second day 
the trafﬁ c on the Knoevenoordstraat was also counted, these results are shown as well in the 
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table 4.1. This was done to compare the results of the Rhienderensestraat with another road 
(in this case the Knoevenoordstraat). The road characteristics of the Knoevenoordstraat are 
comparable with the Rhienderensestraat, and the results can only be related to this road, not 
with the Kwazenboschweg.
Table 3.1 Counted vehicles per category, for two different time slots, two measurement days and three 
locations (source; Van Lieverloo et al, 2004). Description of the vehicle categories; A = motorcycle, B 
= car, BE = car with trailer wagon, C = truck, CE = truck with trailer wagon or trailer, D = bus / touring 
car, Agr = agricultural vehicles, Other = other types of vehicles
Counted vehicles per category, location, date and time slot
Date Time slot (h) Counted vehicles per category Total
A B BE C CE D Agr Other
Location
Kwazen
boschweg 28-9 07:30-09:00 4 403 4 14 7 0 0 0 432
30-9 07:30-09:00 3 370 7 4 11 1 0 0 396
28-9 09:30-11:00 1 159 8 15 4 0 0 0 187
30-9 09:30-11:00 0 193 6 12 7 0 0 0 218
Rhienderen
sestraat 28 9 07:30-09:00 4 147 2 1 0 1 0 0 155
30-9 07:30-09:00 2 121 0 0 0 0 2 0 125 1 
28-9 09:30-11:00 0 33 1 0 0 1 0 0 35
30-9 09:30-11:00 0 23 4 0 0 0 0 0 27
Knoeven
oordstraat 30-9 07:30-09:00 0 23 0 0 0 0 0 0 23
30-9 09:30-11:00 0 13 1 0 1 0 0 0 15
1  Because a Police-officer stopped to ask some questions to the person who was counting at the Rhienderensestraat, 
the result of the measurement is not complete. Approximately twelve vehicles are not registered. 
Table 3.2 shows the results of the study of the use of the Kwazenboschweg and the Rhienderense-
straat in the Brummen study area. The measured trafﬁ c ﬂ ow was from Zutphen to Eerbeek. From 
the trafﬁ c on the Rhienderensestraat between 25% (during low trafﬁ c hours) and 35% (during 
rush hour) has also been spotted on the Kwazenboschweg during the same time period. This 
means (if the Rhienderensestraat can be seen as a measure for all the east-west oriented roads 
in the study area) that more than a quarter of the vehicles comes from the direction Zutphen and 
can be seen as through trafﬁ c. 
From the point of view of the Kwazenboschweg, the percentage of trafﬁ c from the Kwazenboschweg 
that is later seen on the Rhienderensestraat, is above 10% during rush hour and below 5% 
during other hours. This means that during rush hour more than 10% of the trafﬁ c on the 
Kwazenboschweg takes the local East-West oriented roads in the later stadium of their route. 
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Table 3.2 Percentages of the vehicles found at both Rhienderensestraat and Kwazenboschweg.
Date
28 Sept 28 Sept 30 Sept 30 Sept
Time slot (hours) 07:30-09:00 9:30-11:00 7:30-09:00 09:30-11:00
Percent of vehicles at the 
Rhienderensestraat which are 
registered on the Kwazenboschweg 
as well during the same time slot
33.5% 25.7% 34.1% 25.9%
Percent of total vehicles during a 
time slot on the Kwazenboschweg, 
that is registered on the 
Kwazenboschweg and later at the 
Rhienderensestraat
12.0% 4.5% 10.9% 3.2%
3.2  Road collisions in the Brummen study area: Roe deer
The WBE Brummen estimates the number of roe deer (population size) each year. The total roe 
deer population size over the years can be found in ﬁ gure 3.1. The numbers can be divided in 
males, female, both juvenile groups and unknown. There is also an overview available on the 
counted numbers separately for the different areas in the municipality of Brummen (appendix 7). 
A map for the presence of these different areas can be found in appendix 3. 
Figure 3.1 The total population size of roe deer, in the municipality of Brummen over the years 
1998-2005 (source WBE Brummen)
For the years 1994-2002 there is data available of roe deer involved in road kills. Figure 3.2 
represents the number of road kills for roe deer. The number has stayed the same over the 
measured years and from personal observations of the WBE Brummen it seems that this number 
has more or less stayed the same after 2002. According to these ﬁ gures, the number of road 
kills has not increased after the construction of the Kwazenboschweg. However the recordings 
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on the roe deer road kill numbers only go until 2002, while the Kwazenboschweg was ofﬁ cially 
opened in 2002, although it was already in use before the ofﬁ cial opening. 
There is also an overview of the number of roe deer road kills over the years present per road 
(see table 3.3). In appendix 4 there is a map with the road strips with most road kill accidents 
with roe deer coloured red.
Figure 3.2 The total number of road kills with roe deer involved in the years 1994-2002 (source WBE 
Brummen)
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Table 3.3 Number of roe deer road kills reported per road on the roads in the municipality of Brummen 
in the period 1997-2002 (source WBE Brummen)
Road 1997 1998 1999 2000 2001 2002
N348 bridge Zutphen 4 3 3 2 2 5
N348  4 3 4 2 1 4
Harderwijkerweg Dieren 0 0 2 0 2 2
Harderwijkerweg Eerbeek 6 5 4 2 2 1
Eerbeekseweg 6 3 5 4 5 5
Knoevenoordstraat 0 1 0 2 1 3
Rhienderensestraat 4 2 4 3 2 4
Vosstraat 2 2 3 3 4 3
Voorsterweg 4 1 1 1 2 3
Voorstondensestraat 5 5 6 3 7 6
Hallsedijk 4 2 1 1 0 4
Hoevesteeg 1 1 2 1 1 2
Sterrebosweg 3 0 2 0 1 2
Plagweg 3 0 0 1 0 1
Windheuvelstraat 1 0 0 0 0 0
Zutphensestraat 1 0 0 0 0 0
Hallseweg 0 0 0 0 2 1
Brummenseweg 1 0 1 0 0 1
Lendeweg 0 0 1 0 0 0
Dierenseweg 1 0 0 0 0 0
Hommelstraat 0 0 2 2 0 0
Tondensestraat 1 1 1 0 0 0
Broekdijk 0 0 1 0 0 0
Weg naar Voorst 0 1 0 0 0 0
Kanaalweg 1 0 0 0 1 0
Leuvenheimsestraat 0 0 0 0 1 2
Zilvensebroekweg 0 0 0 0 0 3
Total 52 30 43 27 34 52
Different factors can inﬂ uence the number of roe deer involved in road kills. Based on the 
recorded numbers of roe deer involved in road kills, the following factors have been analyzed in 
this study:
• Population size
The years for which both the population size and the number of road kills are known are only ﬁ ve 
(1998-2002). The outcome of the test is that there is no signiﬁ cant correlation between roe deer 
road kill numbers and the total roe deer population size in the study area.The number of roe deer 
road kills is not related to the total roe deer population size.
• Paving width
Outcome of the test is that there is no signiﬁ cant correlation between paving width and roe deer 
road kill numbers.
• Trafﬁ c numbers
Outcome of the test is that there is no signiﬁ cant correlation between trafﬁ c numbers and roe 
deer road kill numbers. 
• Location of the roads
The roads were divided into three groups. The ﬁ rst group contains roads which intersect nature 
areas (or intersect between two interconnected areas (Leusveld and Voorstonden)), the second 
group consists of roads next to nature areas and the third group consist of roads which are 
probably only crossed by more migratory animals (for instance roe deer). The outcome of this test 
is that there are signiﬁ cant differences between the three groups. Roads that cross nature areas 
have higher road kill numbers than roads that are located next to nature areas (see ﬁ gure 3.3). 
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Figure 3.3 Division in subgroups of the three roads location groups, group 1 = intersect group, group 2 
= next to group, group 3 = migratory routes group
• Type of roads
The possible difference in road kill numbers between local roads and provincial roads is tested. 
The outcome of this test is that there is no signiﬁ cant difference in roe deer road kill numbers 
between local and provincial roads.
3.3  Road collisions in the Brummen study area: Badgers
In the study area of Brummen several badger setts are located in a mainly forested areas, with a 
number of roads in their home ranges, which indicates that road kills can be a relevant problem, 
especially when the trafﬁ c increases. Bekker (1989) mentioned an increase of trafﬁ c in rural 
areas as cause of an increase in badger casualties. Some of the road kill victims are visible. 
More important for the animals and not visible is that the natural areas can become isolated for 
species.
The road kill numbers are separately gathered for the N786 and the Brummen municipality. 
These numbers on the N786 can be found in ﬁ gure 3.4. The numbers on the N786 and the 
numbers of the Brummen municipality combined (the duplications in the data removed and the 
recordings on the N786 outside the study area also removed) give a complete overview of the 
badger road kill numbers in the Brummen study area and the graph can be found in ﬁ gure 3.5. 
Most road kills with badgers take place with cars, but also two recordings of trains are reported, 
on the track Brummen-Dieren. There is quite some variation in the total road kill numbers (and 
also in the road kill numbers on the N786). The average number of badger road kills in the study 
area is 5.5 (over the years 1995-2004). In 2003 the largest amount of road kills has taken place, 
15, this is almost 3 times more than the average. 
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Figure 3.4 Badger road kill numbers on the whole transect of the N786, from the years 1995-2004 
(source: Vereniging Das en Boom)
Figure 3.5 Total number of badger road kills in the Brummen study area from the years 1995-2005(parti-
ally) (source: Vereniging Das en Boom)
Different factors can inﬂ uence the number of roe deer involved in road kills. Based on the 
recorded numbers of roe deer involved in road kills, the following factors have been analyzed in 
this study:
• Paving width 
Outcome of the test was that there is no signiﬁ cant correlation between paving width and badger 
road kill numbers. 
• Trafﬁ c numbers 
Outcome of this test was that there is no signiﬁ cant correlation between trafﬁ c numbers and 
badger road kill numbers. 
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• Location of the roads
The roads were divided into three groups. In the ﬁ rst group consists of roads which intersect 
nature areas (or intersect between two interconnected areas (Leusveld and Voorstonden)), the 
second group consists of roads next to nature areas and the third group consists of roads which 
are probably only crossed by more migratory animals (for instance roe deer). The outcome of 
this test is that there are no signiﬁ cant differences between these three groups.
• Type of road 
There is no signiﬁ cant difference in badger road kill numbers between minor rural roads and 
provincial roads. 
The Apeldoornskanaal is supposed to be a barrier for badgers. Badgers with their setts east of 
the Apeldoornskanaal are likely to keep their territory east of the Apeldoornskanaal. 
In very high quality habitats a main badger sett can consist of six adults (Dirkmaat, 1997). 
However, nowadays usually a main badger sett consists of only two adults (a male and a female), 
with possibly young (Dirkmaat, 1997). This reﬂ ects the low quality of badger habitat in the 
Netherlands. In Lange et al (1994), it is stated that in the Netherlands the number of badgers per 
territory is usually 3-4. In Wiertz (1992) this number is 3.7 adults per main badger sett. 
In case that each main badger sett would consist of only two adults (their possible young not 
counted) than the whole badger community would consist of 16 adults. The percentage of adults 
that is killed in the period 1995-2005 varies from 6.25% (1995, 2000) to 50% (2001), on 
average it is 21% per year. On average in the Netherlands the percentage of badgers that is 
killed each year in trafﬁ c is about 20% (based on a summer population of about 2200 badgers 
and the number of casualties varying between 400 and 450) (Broekhuizen et al, 1994).
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4 Model study
4.1  Probability for successful road crossing
For mammals the probabilities for successful road crossing (abbreviated to PSRC) were 
calculated with the traversability model by Van Langevelde and Jaarsma (2004), for amphibians 
with the traversability model by Hels and Buchwald (2001). The probabilities for successful road 
crossing have been calculated for the roads on which all the needed information was present. 
The probabilities, that are calculated, are the probabilities that one individual of the species 
crosses that particular road once. 
4.1.1  Larger mammals
The PSRC values based on the trafﬁ c numbers in the activity period of mammals are higher than 
0.97. Because these numbers are all quite similar and high, these fractions can be combined 
with other information to give these fractions more value. One important link is that the PSRC 
for the badger can be combined with the outcome of the model SmallSteps (graphically shown 
in appendix 11a and discussed in section 4.2). Another application is the use of the PSRC’s to 
calculate the impact of the different scenarios (in Chapter 5). 
For the roads that have trafﬁ c numbers before and after the construction of the Kwazenboschweg, 
it is possible to analyze whether these PSRC’s have changed with the construction of 
the Kwazenboschweg. For this analyses all the four roads are combined (Hoevesteeg, 
Knoevenoordstraat, Eerbeekseweg and Windheuvelstraat). The tested hypothesis is that there is 
no difference in probability for successful road crossing before and after the construction of the 
Kwazenboschweg. The outcome of the test is that the hypothesis is rejected. This means that there 
is signiﬁ cant difference in PSRC before and after the construction of the Kwazenboschweg. 
The probabilities for successful road crossing are signiﬁ cant smaller after the construction than 
before. The decrease in the probabilities for successful road crossing implies that the probabilities 
for unsuccessful road crossing (1-PSRC) have increased. This means that theoretically this would 
imply that more individuals of larger mammal species are involved in a road kill accident. This 
would than imply that more mammal road kill victims are predicted by the model.
The probabilities for successful road crossing can be correlated to several variables: trafﬁ c 
numbers, paving width, species speed, species maximum speed, body weight and body length. 
For each factor the possible correlation is tested. This can be seen as an alternative sensitivity 
analysis of the model. Simultaneously, the factor for which the model is most sensitive is 
the most important one for changing the current situation in the scenario study (see also 
chapter 5).
The outcomes of the tests are:
• With higher trafﬁ c number, the probability for successful road crossing decreases. More trafﬁ c 
means that the time to cross a road successfully decreases, per unit of time more vehicles 
pass, which makes the probability for successful road crossing smaller.
• With larger paving width, the probability for successful road crossing decreases. With larger 
paving widths the time needed to cross a road increases, and with the same amount of 
vehicles the probability for successful road crossing still decreases. Usually it is even so 
that wider roads carry more trafﬁ c numbers, which implies that there is another negative 
connection with paving width and the probability for successful road crossing.
• With higher body weight, the probability for successful road crossing increases. This signiﬁ cant 
correlation is due to the relation between body weight and species speed. 
• With higher species speed, the probability for successful road crossing increases. With 
increased speed, the time needed to cross a road decreases, which means that the time 
interval on which the individual is on the road decreases, which decreases the time an animal 
can be hit by a vehicle. This accounts for both signiﬁ cant correlation of PSRC and (maximum) 
species speed. 
The correlations with the variables: trafﬁ c number, paving width, species speed and body weight 
show all that there is a highly signiﬁ cant correlation between these factors and the probabilities 
for successful road crossing. This is due to the fact that these factors form the base of the 
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calculation of the probabilities for successful road crossing. The strongest correlation is found 
with paving width and the probability for successful road crossing directly followed by the trafﬁ c 
numbers. 
The PSRC’s for mammals may possibly differ between provincial roads and local roads. To 
analyse this possible difference the data on trafﬁ c chance was tested. The outcome of the test 
is that there is signiﬁ cant difference in PSRC’s between local and provincial roads Lower order 
roads have signiﬁ cant higher PSRC’s than provincial roads. Provincial roads are designed to 
carry higher trafﬁ c numbers and usually are adapted for these higher numbers by larger paving 
widths. Both mentioned factors show a signiﬁ cant negative correlation with the probability for 
successful road crossing, so it is likely that this is the reason why the probabilities for successful 
road crossing are higher on local roads than on provincial roads.
The PSRC’s of roe deer and badgers may be correlated with the number of road kill victims of 
the two species. A statistical analyses tested the possible correlation between roe deer PSRC’s 
and roe deer road kill numbers and badger PSRC’s and badger road kill numbers. The outcome 
of the test is that there is no signiﬁ cant correlation between roe deer PSRC’s and roe deer road 
kill numbers nor between badger PSRC’s and badger road kill numbers 
The theoretical PSRC’s do not correlate with the reported road kill numbers on badgers and roe 
deer. This means that what is calculated with the PSRC’s, based on the actual road kill numbers, 
does not relate to the practical situation in the Brummen study area. This implies that only 
predictions on an increase or decrease in road kill numbers can be made for the future. This topic 
will be further discussed in chapter 5.
4.1.2  Amphibians
Most important amphibians in the study area are the crested newt and the spade foot toad.
For the crested newt the areas Voorstonden, Empese en Tondense Heide and Leusveld are 3 
of the 14 core areas in the Netherlands (Zollinger et al, 2003). These areas cover 3% of the 
species coverage in the Netherlands (Zollinger et al, 2003). Newt species are less mobile than 
other amphibian species; they have a seasonal migration radius of 400 meters (Blab, 1986). 
This makes it a less potential road kill victim (Vos and Chardon, 1994). In the area Voorstonden 
and Empese and Tondense Heide the average differences between the amphibian ponds and 
the roads next to it is around 250 meters, which is less than its migration radius. Comparing 
the distance between the location of the amphibian ponds and the roads in the area, this means 
that the crested newt is likely to cross the minor rural roads in the study area. As addition to the 
model study in the Brummen area (Hels and Buchwald), from observations by Münch (1989) 50% 
of crossing crested newts were killed by trafﬁ c speeds of 40-60 km/h. This is comparable to the 
speed limits in the Brummen area, although the speed limit was exceeded by al large percentage 
of the passing vehicles in the Brummen area (Van den Berg, 2005). Newt species have a lower 
reproduction capacity compared to toads and frogs. This makes newt species more vulnerable 
when the species is exposed to trafﬁ c (Berthoud and Müller, 1986 and Ryser, 1988). In research 
of Berthoud and Müller (1983) newt species populations were reduced with one third in four 
years because increased trafﬁ c intensity. 
The area is considered one of the core areas for the spade foot toad species (Crombaghs). 
The trafﬁ c situation should also taken into account in the species survival plan, or the existence 
of the species protection programme should be taken into account in the future view for the 
Brummen study area. The effort put in creating new breeding ponds for these species (as already 
being executed) could be undone by the (future) trafﬁ c situation. The seasonal migration radius 
of the spade foot toad is 600 meters (Blab, 1986). In the area Voorstonden and Empese and 
Tondense Heide the average differences between the amphibian ponds and the roads next to it 
is around 250 meters, which is less than its migration radius.  Comparing the distance between 
the location of the amphibian ponds and the roads in the areas, this means that the spade foot 
toad is likely to cross the minor rural roads in the study area.
Especially roads near wetlands result in large amounts of killed amphibians (Forman and 
Alexander 1998). Even small roads have that problem. Amphibians are so vulnerable because 
they migrate from breeding grounds to their terrestrial home range and back each year. Heine 
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(1987) calculated that 26 cars per hour could reduce the survival rate of toads crossing roads 
to zero. Vos and Chardon (1994) calculated that with trafﬁ c intensity between 15-40 vehicles per 
hour, more or less half of the number of crossing toads is killed. This would mean that according 
to Heine (1987) the Hallseweg, Eerbeekseweg and Brummenseweg (the other provincial roads 
not calculated) would be incrossable for toads in their activity period, the number of 15 vehicles 
per hour mentioned by Vos and Chardon (1994), would lead to the destruction of half of the toad 
population crossing the Rhienderensestraat, Hoevesteeg, Langedijk, Vosstraat, Windheuvelstraat, 
Hallsedijk and the Hallseweg, the Brummenseweg and the Eerbeekseweg, other provincial roads 
not calculated.
For amphibian species also the theoretical probabilities for successful road crossing can be 
calculated. This is done with the model by Hels and Buchwald (2001). In ﬁ gure 4.1 there is an 
overview of the activity periods for the six amphibian species researched by Hels and Buchwald 
(2001). To cover all the species the activity period for amphibians of 18.00-05.00 was chosen. 
The trafﬁ c numbers in the activity period of amphibian species for the roads used in this part of 
the study can be found in appendix 7.
The probability that one individual of the speciﬁ c species crosses the speciﬁ c road once 
successfully is calculated with this model. In appendix 10 the calculated probabilities for 
successful road crossing for the ﬁ ve calculated amphibian species can be found. The fractions 
are the probabilities that one individual of the species crosses that particular road once (in this 
chapter the probability for successful road crossing will be abbreviated to PSRC (Probability for 
Successful Road Crossing)). The selection of only ﬁ ve species was based on the presence of 
the species in the different nature areas, as mentioned in table 2.1. These species are: Crested 
newt, common or smooth newt, spade foot toad, common toad and common frog. 
Figure 4.1 Diurnal activity patterns of the six species of amphibians investigated and diurnal variation in 
vehicle intensity (from Hels and Buchwald, 2001). The vehicle line represents the traffic situation in the 
research of Hels and Buchwald (2001) and NOT the situation in the Brummen study area
The PSRC values for the common newt are lowest and for the common frog the highest. Of the 
two rare amphibian species in the area, the spadefoot toad has higher PSRC values than the 
crested newt. For the minor rural roads the PSRC values calculated with the trafﬁ c numbers in 
the activity period of amphibian species differ from 33% (for common newt on the Hallseweg) to 
88% (for male common frogs on the Knoevenoordstraat). For the two calculated larger roads (the 
Brummenseweg and the Eerbeekseweg) the values, even in the activity period, are below 40% at 
a maximum. For common newt they are around 5%. For this species this type of roads can than 
be considered as incrossable barriers.
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The analysis on the PSRC’s for amphibians before and after the construction of the Kwazenboschweg 
is very limited for the amphibian species. This is because the calculation of PSRC’s in the activity 
period of the amphibian species requires trafﬁ c numbers per hour (this is not the case with larger 
mammal species). This is not available for the Knoevenoordstraat and Hoevesteeg in the years 
before the Kwazenboschweg. The Eerbeekseweg is not calculated at all, because this road is 
a provincial road (which means that it is almost not crossable for amphibian species at all) and 
it does not lie in the vicinity of nature areas. The only road which remains for this analysis is the 
Windheuvelstraat. 
The outcome of this test is that there is no signiﬁ cant difference in PSRC’s on the Windheuvelstraat 
between before and after the construction of the Kwazenboschweg. 
The probabilities on successful road crossing can be correlated to several variables: trafﬁ c 
numbers, paving width and species speed. For each factor the possible correlation is tested with 
a correlation test. 
The outcomes of the tests are:
• With higher trafﬁ c numbers, the probability for successful road crossing for amphibians de-
creases. With higher trafﬁ c numbers the time to cross a road successfully decreases, per 
unit of time more vehicles pass, which makes the probability for successful road crossing 
smaller.
• There is no relation between PSRC and paving width. This is in line with the model, because 
paving width does not contribute to the probability for successful road crossing for amphibi-
ans (Hels and Buchwald, 2001). 
• With increased species speed, the chance for successful road crossing decreases. This is 
not in line with the model of Hels and Buchwald, and an explanation for this outcome is thus 
not possible, although there is a possibility that the species speed varies in the Netherlands 
from those in Denmark where the study of Hels and Buchwald (2001) took place.
4.2  Migration pattern of badgers
The model SmallSteps is used to study the migration pattern of badgers (Meles meles). The 
distribution of the number of crossings per night by an average individual badger in the Brummen 
study area, east of the Apeldoornskanaal, can be found in ﬁ gure 4.2. Three road crosses per 
night has the highest value. Over 67% of the badgers cross between 2 and 4 roads per night.
Figure 4.2 The distribution of the number of roads that are crossed by an average individual badger per 
night (first 20 columns). This output is based on a run with the model SmallSteps based on the road 
dataset and the badger sett coordinates only.
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The model study shows that with more roads in an area the home ranges of badgers becomes 
more cut through by roads, which means that more roads have to be crossed each day. More 
roads mean more road crossings per night, because the outcome of the model is largely 
determined by the road dataset. 
The relative number of crossings per road per night can be found in appendix 9. A lot of the 
East-West oriented minor rural roads in the area are crossed in extreme: Knoevenoordstraat, 
Rhienderensestraat, Kaniestraat, Vosstraat, Voorstondensestraat and Hoevesteeg/Langedijk. 
Also North-West oriented roads bordering nature areas are crossed in extreme: Hallsedijk, 
Haarweg and Voorsterweg. These roads are situated all in or bordering the nature areas Leusveld, 
Voorstonden and Empese and Tondense Heide. All these roads are situated in the vicinity of each 
other, which implies that some badgers will make, during their daily territory use, a tour across 
more of these roads. 
The number of crossings per night was also multiplied with the Probabilities for Unsuccessful 
Road Crossing (1-PSRC) for a genderless badger. The relative impact values (compared to the 
average value) are in appendix 11a. This dataset gives an overview of the relative impacts of the 
separate roads when the characteristics are of these roads also taken into account. Because not 
for all roads the PSRC-values could be calculated, part of the roaddataset is excluded from this 
new dataset. In this new dataset, the Arnhemsestraat is the only hotspot. These impacts were 
also calculated for the scenarios, and will be discussed further in the scenario weigh, in section 
5.3.1 (ecological review of the scenarios) and 5.3.2 (scenario weigh).
4.3  Breeding bird disturbance
In appendix 8 the representation of the noise levels in the study area is laid over the land use 
map of the area. The values on this map can be compared with the noise disturbance levels of 
different bird species as researched by Reijnen (1991 a,b), available in tables 4.1 and 4.2. The 
comparison of the values of the species with the values in the area can be found in table 4.3 
below. 
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Table 4.1 Threshold value (dB(A)), distance (m) from the road and density decrease (%) for forest 
species in the Netherlands (yf = young deciduous forest, of = old deciduous forest, pf = pine forest, 
84/86/87/88 are years of measurement). From Reijnen and Foppen (1991a,b)
Test series Density decline (%) Effect distance (in m), for different trafﬁ c densities
Threshold 
value dB(A)
Species
10,000 
cars/day
25,000 
cars/day
50,000 
cars/day
75,000 
cars/day
Willow 
warbler of87 48 305 550 810 990 38
yf84 37 76 108 149 185 40
Pheasant yf84 72 224 410 625 780 38
of87 68 169 305 475 605 40
Cuckoo yf86 76 224 410 625 780 36
of87 93 169 305 475 605 48
yf86 49 108 168 260 342 42
Goldcrest pf88 58 120 193 305 395 44
Magpie of87 99 90 132 192 250 46
yf84 99 54 82 99 117 52
Wren yf86 57 54 82 99 117 47
pf88 99 83 119 169 215 53
Golden 
oriole yf86 94 50 70 90 106 52
of87 99 54 82 99 117 54
Tree pipit pf88 98 41 59 76 88 52
Jay yf86 99 38 54 70 81 56
Woodcock of87 98 38 54 70 81 56
All forest 
species
yf86 34 133 223 355 460 41
pf88 35 76 108 149 185 47
yf86 35 54 82 99 117 52
of87 ? --- --- --- --- ---
Table 4.2 Threshold value (dB(A)), distance (m) from the road and density decrease (%) for grassland 
species in the Netherlands. From Reijnen and Foppen (1991a,b)
Density 
decline (%) Effect distance (in m), for different trafﬁ c densities
Threshold 
value dB(A)
Species 5,000 cars/day
10,000 
cars/day
25,000 
cars/day
50,000 
cars/day
75,000 
cars/day
Black tailed 
godwit 47 230 360 640 930 1130 42
Lapwing 36 120 170 310 490 630 46
Skylark 53 120 190 370 560 710 47
Shoveler 53 65 100 190 320 410 50
Mallard 32 50 75 140 230 300 52
Meadow 
pipit 82 25 35 60 90 120 59
Coot 62 20 30 50 75 100 60
All 
grassland 
species
39 120 190 370 560 710 46
The railway track Zutphen-Dieren in the area is an important noise source. The provincial roads 
in the area are also a source of noise. The position of these provincial roads and railway track 
make that the municipality of Brummen is divided into two areas. One is below the Eerbeekseweg 
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and is enclosed by the N787 (Eerbeekseweg), the N786 (Kanaalweg), the N348 and the railway 
track Zutphen-Brummen. This area contains one nature area: the Soerense Broek. The other 
area is situated above the Eerbeekseweg and stretches out up to the provincial road the N789 in 
the north (this road is situated in the municipality of Voorst); this area contains the nature areas 
Voorstonden, Leusveld and Empese en Tondense Heide. 
The nature areas Leusveld and Soerense Broek are most inﬂ uenced by noise disturbance. The 
nature areas Voorstonden and Empese en Tondense Heide will probably only show effect for the 
most sensitive bird species. 
Table 4.3 Degree of noise level exceeding for grassland and forest species, derived from the noise 
threshold values researched by Reijnen and Foppen (1991a,b) and Reijnen et al (1992,1995). 
Level of  noise disturbance for bird species
Yes Partially Little Almost none
Buzzard Cuckoo Wren Jay
Willow Warbler Woodpigeon Golden oriole Woodcock
Pheasant Coldcrest Tree pipit Meadow pipit
Wood warbler Magpie Mallard Coot
Blue tit
Lesser spotted 
woodpecker
Hawﬁ nch Black tailed godwit
Chafﬁ nch Lapwing
Skylark
Shoveler
The threshold values of the very noise sensitive bird species: Buzzard, Willow warbler, Golden 
oriole, Blue tit, Hawﬁ nch and Chafﬁ nch are exceeded in the areas were their habitat is present. 
These bird species have such low threshold values that it is likely that these species are only 
present at low densities in their habitats in the Netherlands. In the Brummen study area it is 
unlikely that they occupy their habitats at full capacity. 
The noise threshold values of the less noise sensitive bird species: pheasant and cuckoo are in 
the whole Brummen study area probably also exceeded (based on the map in appendix 8). This 
means that also for these two species the habitats for these species is not optimally occupied. 
The other forest species show only density declines with noise values of above 40 dB(A), which 
means that the birds at the edges of the above described two areas are negatively effected. This 
is the same for all the grassland species, which have also threshold values of above 40 dB(A). 
In the Brummen area it appears that the bird species present are suppressed in number because 
of the noise disturbance level in the area. The most sensitive species are likely to be suppressed 
in the whole area, while less noise disturbance sensitive bird species will be only suppressed at 
the edges of the area.
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5 Scenario study
5.1  The scenarios
Van den Berg (2005) made a calculation for the expected trafﬁ c numbers in 2015 (table 5.1). 
With these trafﬁ c numbers the probabilities for successful road crossing can be predicted. The 
trafﬁ c numbers in 2015 are based on an increase of 2% per year and also taking in account new 
spatial developments, such as a new housing estate, The Hoven, near Zuthpen, In this future 
development all the roads are supposed to keep their current paving widths (as can be derived 
from table 5.1).
Table 5.1 Current traffic intensities and paving widths and traffic intensities calculated for 2015 
(by Van den Berg, 2005) for the most important roads for this study in the Brummen study area
Road Paving width Current trafﬁ c intensity
Estimated trafﬁ c 
intensity 2015
Minor rural roads
Hoevesteeg 4.00 m 799 1135
Langedijk 4.10 m 979 1292
Windheuvelstraat 4.75 m 2165 2774
Voorstondensestraat 3.60–4.70 m 1087 1480
Vosstraat 4.10 m 778 1110
Hallseweg 5.50-7.00 m 1649 1979
Rhienderensestraat 4.10 m 874 1049
Knoevenoordstraat 4.00 m 485 582
Other roads
N348 Leuvenheim - Brummen 7.25 m 15991 16331
N348 Dieren - Leuvenheim 11.00 m 16776 20131.2
N787 Eerbeekseweg 7.00 m 4421 5306
Apeldoornseweg 6.00 m 5000 6000
Dierenseweg 6.00 m 5000 6000
N786 Kanaalweg 6.00 m 5620 6744
Van den Berg (2005) developed three possible scenarios for the future trafﬁ c situation in the 
study area. These were designed after a discussion evening with the actor groups in the area for 
their view on the area. He calculated the effects of increased trafﬁ c intensities in 2015 for all the 
scenarios (see table 5.2-5.4). (See for explanation of these calculations: Van den Berg, 2005). 
There is also a fourth scenario developed for the Brummen study area (by Natuurmonumenten 
Oost-Veluwe, Jaarsma, 1997 and Van Langevelde and Jaarsma, 1997). Unfortunately the trafﬁ c 
numbers can not be predicted precisely for this scenario in this study, so this scenario (Trafﬁ c 
Calmed Area) is explained only in general terms.
For the three calculated scenarios, an explanation is given and a table with the calculated trafﬁ c 
numbers and the paving widths of the roads. The comparison of the scenarios will be made in 
section 5.2. The (dis)advantages of each scenario will be discussed in section 5.3.1. Eventually 
the scenarios will be weighed (section 5.3.2). 
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5.1.1  Scenario 1. Accessible rural area
The main point of the scenario Accessible Rural Area is accessibility of the outside area. The 
current trafﬁ c intensities show that good trough trafﬁ c connections in the area are needed. In this 
scenario the area will be opened up by a dense net of high-quality connections. Trafﬁ c can move 
rapidly through the area to the surrounding main roads. Cyclists and hikers move on separate 
bicycle paths and footpaths. To reduce the further splitting up of the area for animals mitigation 
measure will be needed, throughout the area. The calculated trafﬁ c numbers in 2015 for this 
scenario can be found in table 5.2. A graphical representation of this scenario can be found in 
appendix 12. 
Table 5.2 Calculated traffic numbers and paving widths for the scenario 
Accessible Rural Area (by Van den Berg, 2005)
Road Paving width Scenario trafﬁ c intensity (2015)
Estimated trafﬁ c 
intensity 2015
Minor rural roads
Hoevesteeg 5.50 m 1192 1135
Langedijk 5.50 m 1357 1292
Windheuvelstraat 5.50 m 2913 2774
Voorstondensestraat 5.50 m 1554 1480
Vosstraat 5.50 m 1166 1110
Hallseweg 5.50 m 2078 1979
Rhienderensestraat 5.50 m 1102 1049
Knoevenoordstraat 5.50 m 611 582
Other roads
N348 Leuvenheim - Brummen 7.25 m 16249 16331
N348 Dieren - Leuvenheim 11.00 m 20131.2 20131.2
N787 Eerbeekseweg 7.00 m 5224 5306
Apeldoornseweg 6.00 m 5918 6000
Dierenseweg 6.00 m 5918 6000
N786 Kanaalweg 6.00 m 6744 6744
5.1.2  Scenario 2. Rest and Accessibility
The current high movement intensities on the East-West oriented roads show that a through route 
is needed for the area. However, the rural character of the outside area must be remained. The 
main point of the scenario Rest and Accessibility is another East-West oriented through route. 
This way trafﬁ c can move easily from one side of the area to the other. Because this road will 
be the carrier of the larger trafﬁ c ﬂ ows, the other East-West oriented roads will have limited 
trafﬁ c numbers. Because this road will carry larger amounts of trafﬁ c the study area will more 
or less be divided in two smaller pieces. The roads in these smaller areas will be only used by 
local residents. The East-West oriented roads will be more attractive to recreation. Because 
the remaining East-West oriented roads will have limited trafﬁ c numbers the animals can move 
more easily through these smaller areas, than this is the case now, because in this scenario 
most roads have very little trafﬁ c, while in the current situation all the minor rural roads carry 
trafﬁ c numbers above their capacity which has its impacts on wildlife. This scenario can best 
be described as a compromise. Nature will proﬁ t, because most East-West oriented road will be 
used by local residents and thus limited trafﬁ c numbers. For through trafﬁ c it will be possible to 
move easily from one side of the area to another. The calculated trafﬁ c numbers in 2015 for this 
- 27 -Wetenschapswinkel Wageningen UR Rapport 224
Crossing Wild
scenario can be found in table 5.3. A graphical representation of this scenario can be found in 
appendix 12. 
Table 5.3. Calculated traffic numbers and paving widths for the scenario 
Rest and Accessibility (by Van den Berg, 2005)
Road Paving width Scenario trafﬁ c intensity (2015)
Estimated trafﬁ c 
intensity 2015
Minor rural roads
Hoevesteeg 4.00 m 227 1135
Langedijk 4.10 m 258 1292
Windheuvelstraat 6.00 m 7160 2774
Voorstondensestraat 6.00 m 5866 1480
Vosstraat 4.10 m 222 1110
Hallseweg 5.50 m 296 1979
Rhienderensestraat 4.10 m 210 1049
Knoevenoordstraat 4.00 m 116 582
Other roads
N348 Leuvenheim - Brummen 7.25 m 16331 16331
N348 Dieren - Leuvenheim 11.00 m 20131.2 20131.2
N787 Eerbeekseweg 7.00 m 6611 5306
Apeldoornseweg 6.00 m 6000 6000
Dierenseweg 6.00 m 6000 6000
N786 Kanaalweg 6.00 m 6744 6744
5.1.3  Scenario 3. Rest and Space
The main point of the scenario Rest and Space is the rest and space of the outside area. The 
East-West oriented roads are intended to be used only by the residents of the area. The area is 
surrounded by several main roads that cover the through trafﬁ c. Through trafﬁ c can make use 
of the Eerbeekseweg or a route along Dieren or can move north of the East-West oriented roads 
in the Brummen study area. The recreation in the area will be more attracting because there will 
be less trafﬁ c on the East-West oriented roads. The recreation movement such as cyclists and 
hikers will be more safely. Because there is no trough trafﬁ c movement on the East-West oriented 
roads in the area, a situation arises which is more quiet and safe for everyone. The calculated 
trafﬁ c numbers in 2015 for this scenario can be found in table5.4. A graphical representation of 
this scenario can be found in appendix 12. 
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Table 5.4 Calculated traffic numbers and paving widths for the scenario 
Rest and Space (by Van den Berg, 2005)
Road Paving width Scenario trafﬁ c intensity (2015)
Estimated trafﬁ c 
intensity 2015
Minor rural  roads
Hoevesteeg 4.00 m 227 1135
Langedijk 4.10 m 258 1292
Windheuvelstraat 4.75 m 555 2774
Voorstondensestraat 3.60 - 4.70 m 296 1480
Vosstraat 4.10 m 222 1110
Hallseweg 5.50 m 396 1979
Rhienderensestraat 4.10 m 210 1049
Knoevenoordstraat 4.00 m 116 582
Other roads
N348 Leuvenheim - Brummen 7.25 m 19147 16331
N348 Dieren - Leuvenheim 11.00 m 20131.2 20131.2
N787 Eerbeekseweg 7.00 m 8122 5306
Apeldoornseweg 6.00 m 6000 6000
Dierenseweg 6.00 m 8816 6000
N786 Kanaalweg 6.00 m 6744 6744
5.1.4  Scenario 4. Traffic calmed area
The scenario Trafﬁ c Calmed Area can to some extent be compared to the scenario Rest and 
Space, but in contrary to the scenarios mentioned above, the actual trafﬁ c intensities for the 
scenario could not be calculated. This scenario represents a general view on the trafﬁ c situation 
in relation to the problem with wildlife, developed by Natuurmonumenten Oost-Veluwe, Jaarsma 
(1997) and Van Langevelde and Jaarsma (1997).
This scenario tries to solve the problem of the negative impacts of roads on wildlife on a larger 
scale. It is based on the following reasoning: When measures are taken to decrease trafﬁ c 
intensities on certain roads, this usually implies higher intensities on other surrounding roads. 
Measures for trafﬁ c should therefore always be studied for a whole area. This is the concept 
of ﬁ nding solutions for trafﬁ c insecurity on minor rural roads and this concept is called ‘Trafﬁ c 
Calmed Area’ (Jaarsma, 1997, Van Langevelde and Jaarsma, 1997). This concept had however 
also positive inﬂ uence on fauna (Van Langevelde and Jaarsma, 1997). Problems for species 
at one place may be also remedied by interventions at another place (Van Langevelde and 
Jaarsma, 1997). A trafﬁ c calmed area is an area with roads with an access function, which 
are enclosed and accessible by major roads. The local trafﬁ c situation is reassigned in trafﬁ c 
functions (re)organization of trafﬁ c ﬂ ows. The diffuse volumes at the minor rural roads will 
be concentrated at a few major roads. These are usually roads around the area and usually 
the larger roads. The roads in the trafﬁ c calmed area only get a local access function (Van 
Langevelde and Jaarsma, 1997). The improved situation for the fauna is based on that the area 
as total is much less disturbed. The local roads will have much lower trafﬁ c numbers and thus 
lower disturbance, trafﬁ c mortality, etc. This has positive consequences for nature, but also 
for recreation, liveability and safety. Natuurmonumenten pleas for the realization of such Trafﬁ c 
Calmed Area in the study area. To realize such trafﬁ c calmed areas some roads need to become 
drastically trafﬁ c calmed and major roads are assigned to carry more trafﬁ c (selective increase 
and decrease). The realization of these Trafﬁ c Calmed Areas demands an integral vision on 
an entire road cluster and cooperation between different road (and perhaps terrain) managing 
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organizations. For the municipality Brummen this would imply (Natuurmonumenten Oost-Veluwe): 
Upgrade the Eerbeekseweg to carry the extra trafﬁ c numbers (which are kept out of the trafﬁ c 
calmed area) smoothly. Possibly supply it with fauna under- or overpasses to minimize the impact 
for migratory wildlife. 
5.2  Comparison of the scenarios
5.2.1  Mammal species
The absolute probabilities for successful road crossing only change very slightly. Therefore the 
relative changes in probabilities for successful road crossing provide a better insight in the impact 
of the different scenarios for mammals. In appendix 13 the relative changes in probabilities for 
successful road crossings for all the scenarios are presented. A positive value is an improvement 
of the current situation, a negative value a deterioration. The paving widths and trafﬁ c values 
which these calculations are based on can be found in tables 6.1-6.4. 
The differences in values within and between the different mammal groups are small. The relative 
changes in probabilities for successful road crossing for mammals in general show that the 
scenario Rest and Space shows major improvements for minor rural roads compared to the 
current situation. The provincial roads show (in general) negative values. The scenario Rest 
and Accessibility shows in general the same values, except for the extra roads that will act as 
troughtrafﬁ c carrying road, these values show major negative values. The scenario Accessible 
Rural Area show negative values, the situation even gets worse compared to the values for future 
2015.
5.2.2  Amphibian species
With an increase in trafﬁ c numbers of 20% in 2015, the minor rural roads in the area will almost 
all have probabilities for successful road crossing of 60% and lower (calculated for the earlier 
stated period that amphibians are active). In the migration to the reproductions ponds and back 
this means that theoretically only 36% (0.6x0.6x100%) reaches their normal area again. The 
other 64% gets killed. This calculation is than still only based on crossing just one road in 
their reproduction trip. The larger roads (Eerbeekseweg and Brummenseweg) are for the slower 
species (common toad, common newt and crested newt) impossible to cross, the percentages 
drop to around 10% or lower. With the scenario Rest and Space the precentages increase on all 
minor rural roads to above 67%. With the scenario Rest and Accessibility these fractions stay 
the same, except for the two roads that will carry the throughtrafﬁ c together with the larger 
provincial roads, the percentages on these two roads will drop even further, to 55% and lower. 
The situation on the provincial roads will stay the same for all scenarios, with only small changes 
between the scenarios. 
In appendix 14 the relative changes in probabilities for successful road crossings for all the 
scenarios are presented..The values do not differ very between the different species, however 
they are quite different from the values of the mammal species. Just like with the mammals, the 
relative changes in probabilities for successful road crossing show that the scenario Rest and 
Space shows major improvements for minor rural roads compared to the current situation. The 
scenario Rest and Accessibility shows in general the same values, except for the extra roads that 
will act as troughtrafﬁ c road, these values show major negative values. The scenario Accessible 
Rural Area show negative values, the situation even gets worse compared to the values for future 
2015.
For amphibians the provincial roads show low relative changes between the scenarios. This is 
because the probabilities are already quite low, which leads to smaller relative changes. 
5.3  Scenario review
For both groups (amphibians and mammals) it is clear that the designed scenarios (by Van den 
Berg, 2005) have impacts on the relative changes in probabilities for successful road crossing. 
The scenarios will be ﬁ rst ecologically reviewed, after that the scenarios will be weighed. The 
scenarios were designed after a discussion evening with the actor groups in the area (see for 
report appendix 17). The main conclusions of this discussion evening were:
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• The scenario Accessible Rural Area forms for none of the groups a real alternative. The as-
sumption is that this scenario will only attract more trafﬁ c
• The scenario Rest and Space and Rest and Accesibility leads to more or less a division. A 
lot of people are in favor of the scenario Rest and Space, but a disadvantage is that it will 
lead to an increase on the roads edging the area. The bottlenecks as they are now, will only 
become larger with increased trafﬁ c numbers and the new housing estate ‘the Hoven’
• Solutions of the problem will need to focus both on solutions inside the study area and on 
solutions on larger scale. The solutions inside the study area should be able to be realised 
on short term, solutions for the problems on larger scale ask for long term approach
5.3.1  Ecological review of the scenarios
In the next 10 years (until 2015) the situation for the two studied animal groups (mammals and 
amphibians) will deteriorate (based on the prediction of the two models for the probabilities 
for successful road crossing). Already on the minor rural roads in the study area a quarter of 
the amphibian population is theoretically killed when crossing one of the roads. In 2015 this 
theoratical fraction has increased to 0.5. For mammals the theoretical fraction does not change 
very much, although these theoretical fractions clearly do relatively decrease. For these reasons 
it will be necessary to study the impacts of the different scenarios and ﬁ nd out which of these 
scenarios gives the best ecological improvement combined with feasibility. 
Scenario Rest and Space
Because of the limited trafﬁ c numbers on the East-West oriented roads the predicted road kills 
numbers will be lower in the scenario Rest and Space than in the current situation. The animals 
will probably be able to exchange better with other nature reserves (because of less predicted 
road kill victims) and thus will be less isolated. This is especially important for less mobile 
species, like amphibians and also for species that are very vulnerable to road kills, like the 
badger. Less trafﬁ c means also less noise disturbance for noise sensitive bird species.
For the different mammal species, the probabilities for successful road crossing increases towards 
around 70% for the minor rural roads. For amphibians the relative increases in probabilities 
for successful road crossing are around 60%. For the provincial roads this scenario means a 
decrease in probabilities for successful crossing (also in relative change), for both mammals 
and amphibian species. This is because trafﬁ c will shift from the minor rural roads towards the 
provincial roads. This results in a decrease in the probabilities on these provincial roads. This 
is a negative effect of this scenario, also because the provincial road the N787 is already a 
hotspot for roe deer road kill numbers, which will likely to become worse in this scenario. For 
the badger the N348 (Arnhemsestraat) and N787 (Eerbeekseweg) are considered to have an 
extreme negative impact (compared to the average value) in this scenario. However, because the 
extra trafﬁ c is concentrated on three roads (namely the N787, the N348 and the Dierenseweg), 
the negative impacts on these roads could be compensated with mitigating measures. It is not 
feasible to carry out these measures on all the roads in the area. 
For amphibians the provincial roads will form almost absolute barriers, with probabilities for 
successful road crossing in this scenario of maximum 15% for the Eerbeeksweg and 30% for the 
Brummenseweg (for common frog, the other species have even lower values). It is doubtful that 
the amphibian species cross the Eerbeekseweg, because the amphibian species are reported 
present only in Leusveld, Voorstonden, Empese en Tondense heide and Groot Soerel and all 
these natural areas are located above the Eerbeekseweg. For the Brummenseweg it can be 
mentioned that the Apeldoornskanaal is situated between these areas and the Brummenseweg, 
which is likely to form a barrier on itself already.
Rest and Accessibility
For most of the minor rural roads in the study area the scenario Rest and Accessibility has the 
same positive inﬂ uence as the scenario Rest and Space. However, the implication of another 
(second) East-West junction (besides the Eerbeekseweg) implies that one minor rural road will 
be upgraded to carry more vehicles (as the other minor rural roads will be degraded to carry 
less vehicles and at lower speed). In theory this road could be the Voorstondensestraat and its 
extent: the Windheuvelstraat. The adaptation of the Voorstondenseweg to carry more vehicles 
will cause relative decreases in probabilities for successful road crossing for mammals of around 
700% and for the Windheuvelstraat this relative decrease for mammals is about 300%. For 
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amphibian species these relative changes are about 100% for the Windheuvelstraat and 45% 
for the Voorstondensestraat. The provincial roads will carry also extra trafﬁ c numbers, but the 
relative decrease on these roads will be lower than with the scenario Rest and Space.
The Voorstondensestraat crosses the nature area Voorstonden and it is likely that this road is 
crossed by animals often. It is mentioned by the Wildlife Management Group Brummen as one of 
the roads where much roe deer are killed in road kills. In this scenario the Voorstondensestraat 
will become a road which has an extreme impact on the badger (compared to the average value) 
next to the Eerbeekseweg and the Arnhemsestraat. When the Voorstondensestraat becomes 
adapted, more badger casualties are then to be expected there.  The two rare amphibian 
species, the spade foot toad and crested newt, are also present in the nature area Voorstonden 
and the absolute probabilities for successful road crossing drop to 55% for both roads, which 
will probably lead to an increase also in amphibian road kills. The European Habitat Directive 
prescribes measures to compensate for harm caused by government policy (like adapting the 
road to higher trafﬁ c intensities), to the involved amphibian species. 
The problem of extra road kill victims can maybe still be solved by mitigating measures for both 
mammal and amphibian species for the adapted road next to the provincial roads. 
As with the scenario Rest and Space for most of the roads in this scenario the predicted number 
of road kills will theoretically decrease. The roads that will carry less vehicles have positive relative 
probabilities for successful road crossing and improved absolute probabilities for successful 
road crossing in this scenario.
Accessible rural area
The scenario Accessible Rural Area implies that the minor rural roads in the study area become 
adapted to the increased trafﬁ c numbers in the future. This means that all the minor rural roads 
will have a relative decrease in probabilities for successful road crossing. Also the provincial roads 
have a relative decrease in probabilities for successful road crossing. For both types of roads the 
situation becomes worse, which means that from ecological point of view this scenario does not 
result in any improvement at all. With this scenario the Voorstondensestraat, the Arnhemsestraat 
and the Rhienderensestraat will have extreme impact on the badger (compared to the average 
value).The decrease in probabilities and the predicted increase in road kill victims can probably 
not be compensated, or the (local) government should come with mitigating measures for the 
whole study area. 
Trafﬁ c calmed area
This scenario is built on the same idea of the scenario Rest and Space. This scenario has the 
same advantages and disadvantages as the scenario Rest and Space (but no calculations are 
made with this scenario).
5.3.2  Scenario weigh
The scenario Accessible Rural Area is from ecological point of view as a deterioration of the 
current situation. Most actors on the discussion evening share this opinion. Form ecological oint 
of view, this scenario is not desirable.
The actors had made no real choice between Rest and Space and Rest and Accessibility yet. This 
is because the residents in the area see large problems coming, concerning concentrating larger 
trafﬁ c numbers on the provincial and other larger roads. The Eerbeekseweg is the only real option 
for carrying the extra trafﬁ c numbers that are lead away from the minor rural roads. This road 
does not cross any of the nature areas, this road will probably only be crossed by more migratory 
animals and one road is easier to supply with mitigation measures and mitigation measures 
are more effective than two or more roads are. But the Eerbeekseweg needs to be adopted in 
the connection at the Pothof (in the building area of Brummen). Otherwise the Eerbeekseweg 
can not be used optimal, which will jam the trafﬁ c there, which will eventually lead to the failure 
of reducing the trafﬁ c numbers on the minor rural roads in the rural area of the municipality 
Brummen, because the trafﬁ c will use these roads again. The only negative consequence of 
this choice means that on the Eerbeekseweg deer are killed quite often (currently 5 a year), so 
mitigation measures are recommended for this road.
For the second road that would be pointed out as through trafﬁ c road and become upgraded to 
carry larger trafﬁ c numbers with the scenario Rest and Accessibility the Voorstondensestraat is 
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from trafﬁ c ﬂ ow point of view the most logic option for this upgrading. However, this road is from 
ecological point of view not a good option, because it is situated intersecting the Voorstonden 
nature area. It is also intersecting part of the European Habitat Directive Area. In the area 
Voorstonden there are several amphibian ponds and the crested newt and spade foot toad are 
present. In this scenario this road will have an extreme impact on the badger (compared to the 
average value of all the calculated roads in the area). All the East-West oriented minor rural roads 
in the area are all situated next to or intersecting nature areas and therefore are not very suited 
to become upgraded. From ecological point of view this is therefore not the most desirable 
scenario, because although the scenario improves the situation on most of the minor rural roads, 
adapting one extra East-West oriented road to carry larger trafﬁ c numbers leads to a predicted 
increase in road kill victims. All of the East-West oriented roads have this problem. In some way 
such a road would make the adjacent nature areas more disturbed. To prevent extra animal 
road kills (mammal or amphibian) the pointed out road should also be supplied with mitigating 
measures if this scenario is eventually chosen.
From the relative changes in the probabilities for successful road crossing it is clear that the 
scenario Rest and Space is preferred of the three in trafﬁ c numbers and probabilities for successful 
road crossing compared scenarios. Also for the badger the rural area will have almost none 
negative impact. The rural area of the municipality can be adapted to a high quality rural living 
and recreation area, with little noise disturbance, safe roads and space for the (rare) animals.
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6 Discussion on the study
6.1  Mammals
6.1.1  Road kill victims and probability for successful road crossing model study
The trafﬁ c numbers on the roads in the study area have signiﬁ cantly increased over the years 
before and after the construction of the Kwazenboschweg. With the model of Van Langevelde 
and Jaarsma (2004), the probabilities for successful road crossing decrease with the increased 
trafﬁ c numbers. The time to cross a road successful decreases, what would lead to more road 
kill victims. In the analysis of the road kill numbers, it became clear that both roe deer and 
badger road kill numbers are not correlated to trafﬁ c intensity on the roads in the study area. The 
question that remains is why the roe deer and badger road kill numbers have not increased while 
the trafﬁ c numbers and thus the probabilities for successful road crossing have. The difference 
between the model study and the road kill analysis can be caused by a difference in number 
of crosses. The probability for successful road crossing is based on a single cross, while the 
number of road kill is also based on an unknown number of crosses. In theory, there are even 
four possibilities for the outcome of the road kill analysis:
1. the animals move to other places and do not cross these roads anymore (or less)
2. the animals tend to avoid the roads (and become limited in their living area)
3. the animals adapt their behaviour to the new trafﬁ c situation
4. some of the road kill victims are not reported (because they are removed by scavengers for 
instance)
Possibility one is probably not true, the roe deer numbers are still the same and also the residents 
still see badgers in the area. In this study it was not possible to do research on whether the 
badgers and roe deer tend to avoid the roads. However, in personal communication with some 
of the residents it seemed that at least the badgers still cross the roads in the area. Would 
the animals in the area avoid the roads this would mean that they are very limited in their 
movement, and will be isolated. Possibility three is also unlikely, because the badger trafﬁ c 
victims in the Netherlands have not decreased over time. It is unlikely that this would be different 
in the Brummen study area. The only adaptation to the high badger road kill numbers is their 
larger litter sizes in the Netherlands. Possibility four is also doubtful, because the reported 
badger and roe deer road kill victims have the same source over the researched period, so it is 
unlikely that the fraction reported road kill victims would have changed, so it is unlikely that this 
is the explanatory variable. Possibility two is most likely, but further research will be needed, to 
give a complete answer, and also to get an idea about the consequences of this avoidance for 
the animals.
6.1.2  SmallSteps output
The provincial road the N786 (and the Kanaalweg) is the road on which by far most badgers are 
killed. This can have two reasons. The ﬁ rst is that the N786 is situated across the migration route 
between the Veluwe and the Brummen study area (east of the Apeldoornskanaal). The second 
possibility is that it is very regular crossed by badgers in their daily territory use. 
An important point is that although the badger road kill victims showed no correlation at all with 
the road or trafﬁ c characteristics in the study area, this does not mean that the location of the 
badger road kill victims on the different roads is purely coincidence. The badger road kill victims 
mainly take place on roads which are more than average crossed by badgers (based on the 
simulation). 
The model is therefore a very useful tool to get insight in the migration behaviour of badger in an 
area, especially in giving insight which road(s) should give the largest problems. It was also useful 
to study the impact of the three scenarios on the badger migration behaviour. 
With the model two different kind of maps have been generated. The ﬁ rst, appendix 9, 
represents the relative number of crosses per night. From this map the Knoevenoordstraat, 
Rhienderensestraat, Kaniestraat, Vosstraat,  Voorstondensestraat, Haarweg, Hoevesteeg, 
Langedijk, Hallsedijk, Voorsterweg and the Mestweg are crossed most often (compared to 
average). When the PSRC-values for a genderless badger are added to this output, the picture 
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slightly changes. Because on some of the roads the PSRC-values are unknown, these roads are 
not present on the map of appendix 11a. The Arnhemsestraat is then the road with the largest 
impact on the badger (relative to the average value). This means that the trafﬁ c numbers or the 
paving width of the roads must have caused this shift from the minor rural roads in the area to the 
large provincial road the Arnhemsestraat (N348). These graphical representations for the three 
scenarios (appendix 24c,d and e) also show small changes in the division over the categories.
6.2  Amphibians
For amphibians there are no data available on the road kill victims in the Brummen study area. 
For amphibians it is very hard to sample the road kill victims, because they are scavenged in 
high speed and are hard to recognize when there are overrun by vehicles more times (Hels 
and Buchwald, 2001). The study on the amphibians was based on the PSRC only. The model 
used (Hels and Buchwald, 2001) was not tested in the ﬁ eld. For the whole amphibian species 
part of the study it is assumed that the model gives a satisfactory representation of reality (for 
predicting road kill victims).  
On the minor rural roads the average probability for successful road crossing is around 70%. 
This is only a one way crossing. In the breeding period, they should move back to their normal 
homerange. This means that the two way probability for successful road crossing of the breeding 
period is 50% (in general). For the rare species this could be devastating. 
In the future with increasing trafﬁ c numbers the situation will only become worse, the average on 
the minor rural roads will drop to 65%, which means only 42% would reach its normal homerange 
again. It seems therefore recommendable to study the feasibility of changing the trafﬁ c situation 
in the Brummen area (with the model of Hels and Buchwald) because the area is so important 
for the two endangered amphibian species spade foot toad and crested newt. With the scenario 
Rest and Space (and the scenario Trafﬁ c Calmed Area as well) real improvements can be made. 
With the scenario Rest and Space, the average values for the minor rural toad can reach on 
average 85%. In this important amphibian area, it could have a positive effect for the long term 
survival of the spade foot toad and also the crested newt in the area if or the trafﬁ c situation 
would be changed or the roads will be supplied with amphibian tunnels. 
For the implementation of such mitigation measures a research on the most important crossings 
places (in the breeding period, but also in the possible migration from one patch to another) will 
make sure that such measures will be optimal functioning. Also planned future ponds should be 
implemented in that research. 
6.3  Breeding bird disturbance
The study on the breeding bird disturbance has only been done by comparing the threshold 
values of the bird species with the noise levels on a graphical map. This method has some 
implications that make it not ideal: It is unclear how the values on the map were accomplished 
(trafﬁ c intensities in the whole area or ﬁ eld measurements on noise levels on the site for instance), 
it is not clear if the map values have been corrected for the vegetation present on the sites 
and small patches probably have in the map the general value of the surrounding area (so no 
distinction can be made between important bird patches and the other less interesting areas). 
In Reijnen et al (1992,1995) the actual noise levels were corrected for this. The outcome of the 
study can therefore only be seen as a general impression on the breeding disturbance by the 
different transport options (railway and road).
It however still shows how vulnerable the bird species are in that area. Even if the map values 
would be corrected for vegetation present, the threshold values of the most sensitive species 
are probably still exceeded. The Brummen area can not be seen as a very crowded area, for 
example: in the municipality there is no highway present, which implies that the situation in 
the rest of the Netherlands will probably not be more positive. On large scale this means that 
the most sensitive bird species are probably reduced in density across the largest part of the 
Netherlands. Further study could reveal the real breeding bird disturbance by noise in the area. It 
seems also very interesting to research the long time effects of disturbance by noise on breeding 
success and also to study the effects on population level over a longer period of time.
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6.4  Scenarios
The models of Hels and Buchwald (2001) and Van Langevelde and Jaarsma (2004) provide 
instruments to predict the inﬂ uence of the predicted trafﬁ c increase in the future. With the 
equation of Van Eupen and Van der Veen (1995) a clearer view on the predicted probabilities 
for successful road crossing for mammals could be calculated (the relative in- or decrease). 
Unfortunately in this study there was no link from the model studies to the practical situation 
established. For the amphibian species it is likely that not all the road kill victims were counted. 
An amphibian model is also used and formulated by other research, which makes it the best 
option for calculating/predicting the impact of the roads in the study area on the amphibian 
species present. With the model a prediction for the impact of the scenarios is possible.
For mammals the relation between prediction and data is slightly different. The reported roe 
deer and badger road kill victim show no increase although this is expected with the PSRC model 
study. However, the SmallSteps output does show a relation with the badger road kills and 
therefore appendix 11 should give an indication on the impact of the different scenarios on the 
badger. The SmallSteps output appendices show only relative numbers, to get a better insight 
in the impact of individual road strips. To accomplish this, the relative values compared to the 
average values are represented. The badger is supposed to be a mammal that is susceptible for 
changes in trafﬁ c intensities for its survival. This simulation therefore seems very useful tool to 
get also insight in the impacts for this species in the area. Further study on the actual homerange 
use, including the road crossings, could make the model more ‘ﬁ t’ to the study area (because 
the model was now run with the standard parameters). Maybe a study on the long term road kill 
numbers could also give an indication on the possibilities for the model to predict the number 
of badger road kill numbers.  Both the traversability model and the migration simulation of the 
badger predicted the same picture of the impacts of the scenarios.
For both models an alternative sensitivity analysis was carried out, to get a clear view for which 
variable both models are most sensitive. If both models are not sensitive to changes in the 
variable trafﬁ c intensity, then measures in trafﬁ c intensity will not give improvements in the PSRC-
values. The mammal model was most sensitive to trafﬁ c intensity, the amphibian model was 
sensitive only to trafﬁ c intensity and species speed. Only trafﬁ c intensity showed a correlation 
in line with the model. Unfortunately, the trafﬁ c speeds are not included in both models, which 
makes it impossible to calculate the impact of speed limitation measures.
6.5  Study as a whole
The aim of the study was to get insight in the impact of the changed trafﬁ c situation in the rural 
area of the municipality Brummen. The residents in the rural area observed an increase in trafﬁ c 
numbers and marks of the use not ﬁ tting the roads (like verge damage). These residents united 
themselves in the workgroup BuitenGewoon Brummen and this was the starting point for a 
research on the current trafﬁ c use in the area (Van den Berg, 2005) and the impact on the wildlife 
in the area (this study). 
The research questions for this study were:
1. Can road kill victims be linked to road and trafﬁ c characteristics?
2. Does the average noise level from the roads disturb the different bird species 
present in the area?
3. What are the relations between the probability for successful road crossing and road 
and trafﬁ c characteristics?
4. Is there an impact of minor rural roads in the Brummen study area on the migration 
pattern of individual badgers? 
5. Is there a changed impact of the changed trafﬁ c situation in the vicinity of Brummen 
on the wildlife?
6. What is the impact of trafﬁ c scenario’s on the wildlife in the area?
The data analysis on roe deer and badger road kill victims showed no link to the road and trafﬁ c 
characteristics: paving width, trafﬁ c number and type of road (provincial or minor rural road). For 
roe deer there was a difference in road kill numbers between the three different location of the 
road groups. The roads that intersect nature areas have higher roe deer road kill numbers than 
the group next to nature areas. For roe deer this was the only signiﬁ cant result. For badger the 
road kill numbers could only be linked to the relative numbers of crossings on the roads. Roads 
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with more than average number of crossings (and high and extreme roads) have more badger 
road kill numbers. 
The noise disturbance threshold values for birds (Reijnen) are exceeded for most of the birds 
in the area at least partially. The study area is more or less divided in two parts: One below the 
Eerbeekseweg and one above the Eerbeekseweg. At the edges of both parts the noise levels 
exceed the threshold values of the birds present in these areas.
Both models to calculate the probabilities for successful road crossing (mammal and amphibian) 
have road and trafﬁ c characteristics in their equations. This makes that these PSRC-values show 
a signiﬁ cant correlations with trafﬁ c characteristics.
Most East-West oriented minor rural roads in the area are crossed in extreme (compared to the 
average number of crossings) by badgers. These roads are situated in the direct vicinity of the 
nature areas. The trafﬁ c on these roads will inevitably have impact on the badgers in the area 
(road kills). It is possible (but further study should reveal this) that the badger tend to avoid the 
roads, because the number of road kills have not increased, while the badger PSRC-values have 
decreased signiﬁ cantly.
The trafﬁ c numbers have increased over time and the current trafﬁ c numbers exceed the capacity 
of the minor rural roads in the area (Van den Berg, 2005). The question: Is there a changed 
impact of the changed trafﬁ c situation in the vicinity of Brummen on the wildlife? is however still 
difﬁ cult to answer. Based on both probabilities for successful road crossing models this answer 
is yes, but the reported roe deer and badger road kill victims do not conﬁ rm this. A strict answer 
on this question might be requested, but on some parts of this study it is clear that it is likely that 
the changed trafﬁ c situation has an inﬂ uence on the wildlife. 
Some of the scenarios have a negative impact on the wildlife, but Rest and Space has a positive 
inﬂ uence, on badger, the amphibian species and also the other mammal species in the area. For 
the amphibian species in the area it is recommendable to adapt the trafﬁ c situation to one like 
the scenarios Rest and Space and Trafﬁ c Calmed Area, because the study area is very important 
for two endangered amphibian species (spade foot toad and crested newt) and the trafﬁ c might 
have its impact on the local populations. Also badgers cross the roads in the area regularly 
and become road killed here and this means that also the badger is negatively inﬂ uenced by 
the trafﬁ c. Logically with increased trafﬁ c numbers, more badger road kill victims are to be 
expected. For roe deer this is the same, but it has a minor impact on the total population, 
because the roe deer population is still regulated by the WBE Brummen. It is off course doubtful 
whether road kill victims are seen as a problem on itself or only if the population is inﬂ uenced. 
This is an ethical question. 
Although the link with the practical situation is missing in the largest part of this study it is clear 
that the minor rural roads present in the area are used above capacity and that these larger 
trafﬁ c numbers have its impact on the wildlife (road kill victims, noise disturbance). In the future 
the trafﬁ c number will only increase, which will lead to only more problems. An adaptation of the 
trafﬁ c situation in the area is supported by the residents of the rural area. To give the wildlife in the 
area space to fully use the value of it, an adaptation of the trafﬁ c situation is recommended.
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Appendices
Appendix 1 
Location of the roads in the study area (by Van den Berg, 2005)
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Appendix 2
Overview of the roe deer numbers in each counting area 
Year 2002 2003 2004 2005
Counting 
area
Male roe 
deer 1 16 17 14 9
Bokken 2 4 9 10 7
3 6 2 2 5
4 2 4 3 2
5 15 22 14 7
6 13 12 11 12
7 3 0 7 6
8 5 4 9 8
9 3 3 6 3
10 7 5 8 7
Female roe 
deer 1 17 30 14 12
Geiten 2 10 19 12 11
3 6 6 4 6
4 7 10 4 6
5 14 30 20 23
6 14 24 11 17
7 5 0 7 10
8 11 13 11 12
9 9 7 8 4
10 12 8 11 6
Juv. males 1 0 8 3 4
Bokkalveren 2 5 0 2 5
3 2 1 0 0
4 1 0 0 0
5 8 8 10 3
6 0 4 3 4
7 0 0 2 3
8 7 9 3 3
9 0 6 0 1
10 0 3 0 1
Juv. females 1 3 12 3 2
2 8 3 1 3
3 2 0 0 0
4 2 0 1 0
5 6 8 10 5
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6 6 2 2 9
7 1 0 1 2
8 2 5 4 4
9 0 2 3 2
10 0 3 0 3
Unknown 1 14 11 3 6
Onbekend 2 9 6 3 1
3 2 1 0 1
4 5 1 2 4
5 8 3 0 2
6 2 3 0 0
7 0 0 2 0
8 2 0 3 1
9 0 1 0 0
10 1 0 1 2
Total 275 325 248 244
Counting area
1 Lichtenbelt
2 Engelenburg
3 Laag Soeren
4 Eerbeek
5 Oeken / Leusveld
6 Voorstonden
7 Hall west
8 Empese en Tondense heide
9 Tonden
10 Sprabanen
Legend with the table above
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Appendix 3
Overview of the nature areas (source WBE Brummen)
Counting area
1 Lichtenbelt
2 Engelenburg
3 Laag Soeren
4 Eerbeek
5 Oeken / Leusveld
6 Voorstonden
7 Hall west
8 Empensche en Tondensche heide
9 Tonden
10 Sprabanen
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Appendix 4
Road strips where very regularly roe deer are involved in road kills in the municipality of 
Brummen
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Appendix 5
Paving widths of studied roads in the Brummen study area (in m)
Road Paving width (in m)
knoevenoordstr 4
rhienderensestr 4.1
voorstondensestr_1 3.6
voorstondensestr_2 4.7
hoevesteeg 4
langedijk 4.1
vosstr 4.1
hallseweg_1 7
hallseweg_2 5.5
eerbeekseweg 7
windheuvelstr 4.75
brummenseweg 6.5
hallsedijk 4
harderwijkerweg 5.75
kanaalweg 6
dierenseweg 6
arnhemsestraat_1 11
arnhemsestraat_2 7.25
Appendix 6
Overview of the trafﬁ c volumes (vehicles/sec) studied in the Brummen study area, over various 
years (ave = daily average, act = average in the activity period of mammals (= 1% of daily 
average)
Road Year Traffic volume (veh/sec)
knoevenoordstr 1988_ave 0.005718
knoevenoordstr 1988_act 5.72E-05
knoevenoordstr 1994_ave 0.007042
knoevenoordstr 1994_act 7.04E-05
knoevenoordstr 2004_ave 0.007181
knoevenoordstr 2004_act 7.18E-05
knoevenoordstr 2005_ave 0.005696
knoevenoordstr 2005_act 5.7E-05
rhienderensestr 2004_ave 0.011119
rhienderensestr 2004_act 0.000111
rhienderensestr 2005_ave 0.00897
rhienderensestr 2005_act 8.97E-05
voorstondensestr 2004_ave 0.012581
voorstondensestr 2004_act 0.000126
voorstondensestr 2005_ave 0.010489
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voorstondensestr 2005_act 0.000105
hoevesteeg 1989_ave 0.005648
hoevesteeg 1989_act 5.65E-05
hoevesteeg 2004_ave 0.009248
hoevesteeg 2004_act 9.25E-05
langedijk 2004_ave 0.011331
langedijk 2004_act 0.000113
vosstr 2004_ave 0.014896
vosstr 2004_act 0.000149
vosstr 2005_ave 0.00885
vosstr 2005_act 8.85E-05
hallseweg 2004_ave 0.019028
hallseweg 2004_act 0.00019
eerbeekseweg 1989_ave 0.033553
eerbeekseweg 1989_act 0.000336
eerbeekseweg 2004_ave 0.044494
eerbeekseweg 2004_act 0.000445
windheuvelstr 1999_ave 0.007613
windheuvelstr 1999_act 7.61E-05
windheuvelstr 2004_ave 0.025055
windheuvelstr 2004_act 0.000251
windheuvelstr 2005_ave 0.016323
windheuvelstr 2005_act 0.000163
brummenseweg 2003_ave 0.056756
brummenseweg 2003_act 0.000568
hallsedijk 2003_ave 0.014524
hallsedijk 2003_act 0.000145
harderwijkerweg 2002_ave 0.065063
harderwijkerweg 2002_act 0.000651
kanaalweg 2002_ave 0.065046
kanaalweg 2002_act 0.00065
dierenseweg 2002_ave 0.060863
dierenseweg 2002_act 0.000609
arnhemsestraat_1 (dieren-leuvenheim) 2002_ave 0.194163
arnhemsestraat_1 (dieren-leuvenheim) 2002_act 0.001942
arnhemsestraat_2 (leuvenheim) 2002_ave 0.185081
arnhemsestraat_2 (leuvenheim) 2002_act 0.00185081
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Appendix 7
The trafﬁ c numbers on the various roads in the Brummen study area in the activity period of 
amphibian species (18.00-05.00)
Road Year Traffic intensity (vehicles/min)
kn_str 1994 0.285281
kn_str 2004 0.210173
kn_str 2005 0.145779
rh_str 2004 0.300216
rh_str 2005 0.215548
voorst_str 2004 0.202381
voorst_str 2005 0.165801
hoeve_st 2004 0.286147
hoeve_st 2004 0.338312
vos_str 2004 0.36645
vos_str 2005 0.24228
hallse_wg 2004 0.548485
windheuvelstr 1999 0.253493
windheuvelstr 2004 0.359091
windheuvelstr 2005 0.23355
hallsedijk 2003 0.396753
eerbeeksewg 2004 1.85671
brummensewg 2003 1.635931
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Appendix 8 
Land Use map of the Brummen study area laid over with the noise levels in dB(A)
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Appendix 9
Relative number of crossings per road in the study area (Output of the Bagder Simulation model 
SmallSteps) (relative to the average number of crossings per night)
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Appendix 10 
Probabilities for succesful road crossing and species presence in the different nature reserves
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Appendix 11a
Current situation
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Appendix 11b 
Situation in 2015
- 64 -Wetenschapswinkel Wageningen UR Rapport 224
Crossing Wild
Appendix 11c 
Scenario Accessible Rural Area
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Appendix 11d 
Scenario Rest and Accessibility
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Appendix 11e 
Scenario Rest and Space
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Appendix 12
Verkeer in het buitengebied van de gemeente Brummen
Wetenschapswinkel Wageni gen UR Rap ort ......
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Appendix 13
Relative changes in probabilities for successful road crossing for the Mustelidae species in the 
area, calculated for 2015 and for the 3 different scenarios (calculated with the trafﬁ c numbers 
calculated by Van den Berg, 2005)
Ri, relative
Species Road 2015 Accessible Rural Area
Rest and 
Accessibility
Rest and 
Space
weasel (m) kn_str -18.26 -67.98 76.43 76.43
rh_str -35.35 -87.94 72.90 72.90
voorst_str_s -63.29 67.34
voorst_str_w -63.28 -99.14 -715.93 67.33
hoevestg -42.04 -101.82 71.59 71.59
langedk -31.96 -83.20 73.64 73.64
vosstr -45.16 -101.56 70.96 70.96
hallsewg_s -20.36
hallsewg_w -20.37 -26.38 81.99 75.90
eerbeeksewg N787 -444.70 -436.30 -578.34 -732.91
windheuvelstr -28.13 -54.71 -312.75 74.35
kanaalweg N786 -19.96 -19.96 -19.96 -19.96
dierenseweg -14.07 -12.52 -14.07 -67.46
arnhemsestraat_1 N348 -19.77 -19.77 -19.77 -19.77
arnhemsestraat_2 N348 -2.11 -1.60 -2.11 -19.59
weasel (f) kn_str -18.26 -68.35 76.43 76.43
rh_str -35.34 -88.32 72.90 72.90
voorst_str_s -63.28 67.33
voorst_str_w -63.27 -99.34 -716.87 67.33
hoevestg -42.04 -102.26 71.59 71.59
langedk -31.96 -83.57 73.64 73.64
vosstr -45.16 -101.96 70.96 70.96
hallsewg_s -20.36
hallsewg_w -20.36 -26.38 81.99 75.90
eerbeeksewg N787 -445.73 -437.32 -579.54 -734.28
windheuvelstr -28.12 -54.85 -313.18 74.35
kanaalweg N786 -19.95 -19.95 -19.95 -19.95
dierenseweg -14.07 -12.51 -14.07 -67.41
arnhemsestraat_1 N348 -19.72 -19.72 -19.72 -19.72
arnhemsestraat_2 N348 -2.11 -1.60 -2.11 -19.56
stoat (m) kn_str -18.26 -66.77 76.43 76.43
rh_str -35.35 -86.71 72.90 72.90
voorst_str_s -63.29 67.34
voorst_str_w -63.29 -98.49 -712.28 67.34
hoevestg -42.05 -100.37 71.59 71.59
langedk -31.96 -82.00 73.64 73.64
vosstr -45.16 -100.23 70.96 70.96
hallsewg_s -20.37
hallsewg_w -20.37 -26.39 81.99 75.91
eerbeeksewg N787 -440.97 -432.62 -573.79 -727.46
windheuvelstr -28.13 -54.25 -311.01 74.35
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kanaalweg N786 -19.97 -19.97 -19.97 -19.97
dierenseweg -14.08 -12.52 -14.08 -67.52
arnhemsestraat_1 N348 -19.84 -19.84 -19.84 -19.84
arnhemsestraat_2 N348 -2.12 -1.61 -2.12 -19.63
stoat (f) kn_str -18.26 -67.19 76.43 76.43
rh_str -35.35 -87.13 72.90 72.90
voorst_str_s -63.29 67.34
voorst_str_w -63.28 -98.72 -713.54 67.34
hoevestg -42.04 -100.87 71.59 71.59
langedk -31.96 -82.41 73.64 73.64
vosstr -45.16 -100.69 70.96 70.96
hallsewg_s -20.37
hallsewg_w -20.37 -26.39 81.99 75.91
eerbeeksewg N787 -442.25 -433.88 -575.35 -729.33
windheuvelstr -28.13 -54.41 -311.61 74.35
kanaalweg N786 -19.97 -19.97 -19.97 -19.97
dierenseweg -14.08 -12.52 -14.08 -67.50
arnhemsestraat_1 N348 -19.82 -19.82 -19.82 -19.82
arnhemsestraat_2 N348 -2.12 -1.61 -2.12 -19.62
polecat (m) kn_str -18.26 -65.18 76.43 76.43
rh_str -35.35 -85.08 72.90 72.90
voorst_str_s -63.30 67.34
voorst_str_w -63.29 -97.63 -707.26 67.34
hoevestg -42.05 -98.46 71.59 71.59
langedk -31.97 -80.42 73.64 73.64
vosstr -45.17 -98.49 70.96 70.96
hallsewg_s -20.37
hallsewg_w -20.37 -26.39 81.99 75.91
eerbeeksewg N787 -435.89 -427.62 -567.56 -719.93
windheuvelstr -28.14 -53.63 -308.61 74.36
kanaalweg N786 -19.98 -19.98 -19.98 -19.98
dierenseweg -14.09 -12.53 -14.09 -67.57
arnhemsestraat_1 N348 -19.90 -19.90 -19.90 -19.90
arnhemsestraat_2 N348 -2.12 -1.61 -2.12 -19.67
polecat (f) kn_str -18.26 -65.93 76.43 76.43
rh_str -35.35 -85.86 72.90 72.90
voorst_str_s -63.29 67.34
voorst_str_w -63.29 -98.04 -709.68 67.34
hoevestg -42.05 -99.37 71.59 71.59
langedk -31.97 -81.17 73.64 73.64
vosstr -45.17 -99.32 70.96 70.96
hallsewg_s -20.37
hallsewg_w -20.37 -26.39 81.99 75.91
eerbeeksewg N787 -438.33 -430.02 -570.55 -723.56
windheuvelstr -28.14 -53.92 -309.77 74.36
kanaalweg N786 -19.98 -19.98 -19.98 -19.98
dierenseweg -14.08 -12.53 -14.08 -67.55
arnhemsestraat_1 N348 -19.88 -19.88 -19.88 -19.88
arnhemsestraat_2 N348 -2.12 -1.61 -2.12 -19.66
pine marten (m) kn_str -18.27 -63.20 76.43 76.43
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rh_str -35.35 -83.06 72.90 72.90
voorst_str_s -63.30 67.34
voorst_str_w -63.29 -96.53 -700.56 67.34
hoevestg -42.05 -96.09 71.59 71.59
langedk -31.97 -78.45 73.64 73.64
vosstr -45.17 -96.32 70.96 70.96
hallsewg_s -20.37
hallsewg_w -20.37 -26.39 81.99 75.91
eerbeeksewg N787 -429.26 -421.09 -559.30 -709.81
windheuvelstr -28.14 -52.83 -305.38 74.36
kanaalweg N786 -19.98 -19.98 -19.98 -19.98
dierenseweg -14.09 -12.53 -14.09 -67.57
arnhemsestraat_1 N348 -19.91 -19.91 -19.91 -19.91
arnhemsestraat_2 N348 -2.12 -1.61 -2.12 -19.68
pine marten (f) kn_str -18.26 -64.03 76.43 76.43
rh_str -35.35 -83.92 72.90 72.90
voorst_str_s -63.30 67.34
voorst_str_w -63.29 -96.99 -703.35 67.34
hoevestg -42.05 -97.09 71.59 71.59
langedk -31.97 -79.28 73.64 73.64
vosstr -45.17 -97.24 70.96 70.96
hallsewg_s -20.37
hallsewg_w -20.37 -26.39 81.99 75.91
eerbeeksewg N787 -432.04 -423.83 -562.75 -714.03
windheuvelstr -28.14 -53.17 -306.72 74.36
kanaalweg N786 -19.98 -19.98 -19.98 -19.98
dierenseweg -14.09 -12.53 -14.09 -67.56
arnhemsestraat_1 N348 -19.90 -19.90 -19.90 -19.90
arnhemsestraat_2 N348 -2.12 -1.61 -2.12 -19.67
badger (m) kn_str -18.27 -62.24 76.43 76.43
rh_str -35.35 -82.08 72.90 72.90
voorst_str_s -63.30 67.34
voorst_str_w -63.30 -96.00 -697.54 67.34
hoevestg -42.05 -94.94 71.59 71.59
langedk -31.97 -77.49 73.65 73.65
vosstr -45.17 -95.27 70.96 70.96
hallsewg_s -20.37
hallsewg_w -20.37 -26.40 81.99 75.91
eerbeeksewg N787 -426.18 -418.05 -555.54 -705.28
windheuvelstr -28.14 -52.45 -303.94 74.36
kanaalweg N786 -19.99 -19.99 -19.99 -19.99
dierenseweg -14.09 -12.54 -14.09 -67.62
arnhemsestraat_1 N348 -19.96 -19.96 -19.96 -19.96
arnhemsestraat_2 N348 -2.12 -1.61 -2.12 -19.71
badger (f) kn_str -18.27 -62.24 76.43 76.43
rh_str -35.35 -82.08 72.90 72.90
voorst_str_s -63.30 67.34
voorst_str_w -63.30 -96.00 -697.52 67.34
hoevestg -42.05 -94.94 71.59 71.59
langedk -31.97 -77.49 73.65 73.65
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vosstr -45.17 -95.27 70.96 70.96
hallsewg_s -20.37
hallsewg_w -20.37 -26.40 81.99 75.91
eerbeeksewg N787 -426.17 -418.04 -555.51 -705.25
windheuvelstr -28.14 -52.45 -303.93 74.36
kanaalweg N786 -19.99 -19.99 -19.99 -19.99
dierenseweg -14.09 -12.54 -14.09 -67.61
arnhemsestraat_1 N348 -19.96 -19.96 -19.96 -19.96
arnhemsestraat_2 N348 -2.12 -1.61 -2.12 -19.71
Relative changes in probabilities for successful road crossing for the Suidae species in the 
area, calculated for 2015 and for the 3 different scenarios (calculated with the trafﬁ c numbers 
calculated by Van den Berg, 2005)
Ri, relative
Species Road 2015 Accessible Rural Area
Rest and 
Accessibility
Rest and 
Space
wild boar (m) kn_str -18.27 -56.98 76.43 76.43
rh_str -35.35 -76.66 72.90 72.90
voorst_str_s -63.30 67.34
voorst_str_w -63.30 -92.98 -679.13 67.34
hoevestg -42.05 -88.62 71.59 71.59
langedk -31.97 -72.21 73.65 73.65
vosstr -45.17 -89.46 70.97 70.97
hallsewg_s -20.38
hallsewg_w -20.38 -26.40 81.99 75.91
eerbeeksewg N787 -407.92 -400.07 -532.82 -677.41
windheuvelstr -28.14 -50.27 -295.05 74.36
kanaalweg N786 -20.00 -20.00 -20.00 -20.00
dierenseweg -14.10 -12.54 -14.10 -67.63
arnhemsestraat_1 N348 -19.98 -19.98 -19.98 -19.98
arnhemsestraat_2 N348 -2.13 -1.61 -2.13 -19.72
wild boar (f) kn_str -18.27 -56.98 76.43 76.43
rh_str -35.35 -76.66 72.90 72.90
voorst_str_s -63.30 67.34
voorst_str_w -63.30 -92.98 -679.11 67.34
hoevestg -42.05 -88.62 71.59 71.59
langedk -31.97 -72.21 73.65 73.65
vosstr -45.17 -89.46 70.97 70.97
hallsewg_s -20.38
hallsewg_w -20.38 -26.40 81.99 75.91
eerbeeksewg N787 -407.91 -400.06 -532.80 -677.38
windheuvelstr -28.14 -50.27 -295.04 74.36
kanaalweg N786 -20.00 -20.00 -20.00 -20.00
dierenseweg -14.10 -12.54 -14.10 -67.63
arnhemsestraat_1 N348 -19.98 -19.98 -19.98 -19.98
arnhemsestraat_2 N348 -2.12 -1.61 -2.12 -19.72
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Relative changes in probabilities for successful road crossing for the Cervidae species in the 
area, calculated for 2015 and for the 3 different scenarios (calculated with the trafﬁ c numbers 
calculated by Van den Berg, 2005)
Ri, relative
Species Road 2015 Accessible Rural Area
Rest and 
Accessibility
Rest and 
Space
red deer (m) kn_str -18.27 -54.76 76.43 76.43
rh_str -35.35 -74.38 72.90 72.90
voorst_str_s -63.30 67.34
voorst_str_w -63.30 -91.68 -671.16 67.34
hoevestg -42.05 -85.96 71.59 71.59
langedk -31.97 -69.98 73.65 73.65
vosstr -45.17 -87.01 70.97 70.97
hallsewg_s -20.38
hallsewg_w -20.38 -26.40 81.99 75.91
eerbeeksewg N787 -400.02 -392.29 -522.97 -665.32
windheuvelstr -28.14 -49.33 -291.19 74.36
kanaalweg N786 -20.00 -20.00 -20.00 -20.00
dierenseweg -14.10 -12.54 -14.10 -67.63
arnhemsestraat_1 N348 -19.98 -19.98 -19.98 -19.98
arnhemsestraat_2 N348 -2.13 -1.61 -2.13 -19.72
red deer (f) kn_str -18.27 -56.35 76.43 76.43
rh_str -35.35 -76.02 72.90 72.90
voorst_str_s -63.30 67.34
voorst_str_w -63.30 -92.62 -676.87 67.34
hoevestg -42.05 -87.87 71.59 71.59
langedk -31.97 -71.58 73.65 73.65
vosstr -45.17 -88.77 70.97 70.97
hallsewg_s -20.38
hallsewg_w -20.38 -26.40 81.99 75.91
eerbeeksewg N787 -405.69 -397.88 -530.03 -673.98
windheuvelstr -28.14 -50.01 -293.95 74.36
kanaalweg N786 -20.00 -20.00 -20.00 -20.00
dierenseweg -14.10 -12.54 -14.10 -67.63
arnhemsestraat_1 N348 -19.98 -19.98 -19.98 -19.98
arnhemsestraat_2 N348 -2.12 -1.61 -2.12 -19.72
fallow deer (m) kn_str -18.27 -56.98 76.43 76.43
rh_str -35.35 -76.66 72.90 72.90
voorst_str_s -63.30 67.34
voorst_str_w -63.30 -92.98 -679.12 67.34
hoevestg -42.05 -88.62 71.59 71.59
langedk -31.97 -72.21 73.65 73.65
vosstr -45.17 -89.46 70.97 70.97
hallsewg_s -20.38
hallsewg_w -20.38 -26.40 81.99 75.91
eerbeeksewg N787 -407.91 -400.06 -532.80 -677.39
windheuvelstr -28.14 -50.27 -295.04 74.36
kanaalweg N786 -20.00 -20.00 -20.00 -20.00
dierenseweg -14.10 -12.54 -14.10 -67.63
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arnhemsestraat_1 N348 -19.98 -19.98 -19.98 -19.98
arnhemsestraat_2 N348 -2.12 -1.61 -2.12 -19.72
fallow deer (f) kn_str -18.27 -58.49 76.43 76.43
rh_str -35.35 -78.22 72.90 72.90
voorst_str_s -63.30 67.34
voorst_str_w -63.30 -93.86 -684.48 67.34
hoevestg -42.05 -90.43 71.59 71.59
langedk -31.97 -73.73 73.65 73.65
vosstr -45.17 -91.13 70.97 70.97
hallsewg_s -20.38
hallsewg_w -20.38 -26.40 81.99 75.91
eerbeeksewg N787 -413.23 -405.30 -539.42 -685.51
windheuvelstr -28.14 -50.91 -297.63 74.36
kanaalweg N786 -19.99 -19.99 -19.99 -19.99
dierenseweg -14.10 -12.54 -14.10 -67.63
arnhemsestraat_1 N348 -19.98 -19.98 -19.98 -19.98
arnhemsestraat_2 N348 -2.12 -1.61 -2.12 -19.72
roe deer (m) kn_str -18.27 -60.50 76.43 76.43
rh_str -35.35 -80.29 72.90 72.90
voorst_str_s -63.30 67.34
voorst_str_w -63.30 -95.01 -691.51 67.34
hoevestg -42.05 -92.85 71.59 71.59
langedk -31.97 -75.75 73.65 73.65
vosstr -45.17 -93.35 70.97 70.97
hallsewg_s -20.37
hallsewg_w -20.38 -26.40 81.99 75.91
eerbeeksewg N787 -420.20 -412.17 -548.10 -696.16
windheuvelstr -28.14 -51.74 -301.03 74.36
kanaalweg N786 -19.99 -19.99 -19.99 -19.99
dierenseweg -14.10 -12.54 -14.10 -67.62
arnhemsestraat_1 N348 -19.97 -19.97 -19.97 -19.97
arnhemsestraat_2 N348 -2.12 -1.61 -2.12 -19.71
roe deer (f) kn_str -18.27 -60.50 76.43 76.43
rh_str -35.35 -80.29 72.90 72.90
voorst_str_s -63.30 67.34
voorst_str_w -63.30 -95.01 -691.51 67.34
hoevestg -42.05 -92.85 71.59 71.59
langedk -31.97 -75.75 73.65 73.65
vosstr -45.17 -93.35 70.97 70.97
hallsewg_s -20.37
hallsewg_w -20.38 -26.40 81.99 75.91
eerbeeksewg N787 -420.20 -412.17 -548.10 -696.16
windheuvelstr -28.14 -51.74 -301.03 74.36
kanaalweg N786 -19.99 -19.99 -19.99 -19.99
dierenseweg -14.10 -12.54 -14.10 -67.62
arnhemsestraat_1 N348 -19.97 -19.97 -19.97 -19.97
arnhemsestraat_2 N348 -2.12 -1.61 -2.12 -19.71
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Relative changes in probabilities for successful road crossing for the Sciuridae species in the 
area, calculated for 2015 and for the 3 different scenarios (calculated with the trafﬁ c numbers 
calculated by Van den Berg, 2005)
Ri, relative
Species Road 2015 Accessible Rural Area
Rest and 
Accessibility
Rest and 
Space
Squirrel kn_str -18.26 -66.38 76.43 76.43
rh_str -35.35 -86.31 72.90 72.90
voorst_str_s -63.29 67.34
voorst_str_w -63.29 -98.28 -711.01 67.34
hoevestg -42.05 -99.91 71.59 71.59
langedk -31.97 -81.62 73.64 73.64
vosstr -45.16 -99.81 70.96 70.96
hallsewg_s -20.37
hallsewg_w -20.37 -26.39 81.99 75.91
eerbeeksewg N787 -439.70 -431.37 -572.22 -725.54
windheuvelstr -28.13 -54.09 -310.40 74.35
kanaalweg N786 -19.97 -19.97 -19.97 -19.97
dierenseweg -14.08 -12.52 -14.08 -67.52
arnhemsestraat_1 N348 -19.85 -19.85 -19.85 -19.85
arnhemsestraat_2 N348 -2.12 -1.61 -2.12 -19.64
Relative changes in probabilities for successful road crossing for the Leporidae species in the 
area, calculated for 2015 and for the 3 different scenarios (calculated with the trafﬁ c numbers 
calculated by Van den Berg, 2005)
Ri, relative
Species Road 2015 Accessible Rural Area
Rest and 
Accessibility
Rest and 
Space
Rabbit kn_str -18.27 -65.91 76.43 76.43
rh_str -35.35 -85.84 72.90 72.90
voorst_str_s -63.30 67.34
voorst_str_w -63.30 -98.04 -709.85 67.34
hoevestg -42.05 -99.35 71.59 71.59
langedk -31.97 -81.16 73.65 73.65
vosstr -45.17 -99.30 70.96 70.96
hallsewg_s -20.37
hallsewg_w -20.37 -26.39 81.99 75.91
eerbeeksewg N787 -438.41 -430.10 -570.72 -723.85
windheuvelstr -28.14 -53.92 -309.86 74.36
kanaalweg N786 -19.98 -19.98 -19.98 -19.98
dierenseweg -14.09 -12.53 -14.09 -67.58
arnhemsestraat_1 N348 -19.92 -19.92 -19.92 -19.92
arnhemsestraat_2 N348 -2.12 -1.61 -2.12 -19.68
Hare kn_str -18.27 -63.97 76.43 76.43
rh_str -35.35 -83.85 72.90 72.90
voorst_str_s -63.30 67.34
voorst_str_w -63.30 -96.97 -703.38 67.34
hoevestg -42.05 -97.02 71.59 71.59
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langedk -31.97 -79.22 73.65 73.65
vosstr -45.17 -97.17 70.96 70.96
hallsewg_s -20.37
hallsewg_w -20.37 -26.39 81.99 75.91
eerbeeksewg N787 -431.98 -423.76 -562.73 -714.09
windheuvelstr -28.14 -53.15 -306.75 74.36
kanaalweg N786 -19.99 -19.99 -19.99 -19.99
dierenseweg -14.09 -12.53 -14.09 -67.60
arnhemsestraat_1 N348 -19.94 -19.94 -19.94 -19.94
arnhemsestraat_2 N348 -2.12 -1.61 -2.12 -19.70
Relative changes in probabilities for successful road crossing for the Erinaceidae species in the 
area, calculated for 2015 and for the 3 different scenarios (calculated with the trafﬁ c numbers 
calculated by Van den Berg, 2005)
Ri, relative
Species Road 2015 Accessible Rural Area
Rest and 
Accessibility
Rest and 
Space
hedgehog kn_str -18.26 -67.59 76.43 76.43
rh_str -35.35 -87.55 72.90 72.90
voorst_str_s -63.30 67.34
voorst_str_w -63.29 -98.95 -715.34 67.34
hoevestg -42.05 -101.36 71.59 71.59
langedk -31.97 -82.82 73.64 73.64
vosstr -45.17 -101.14 70.96 70.96
hallsewg_s -20.37
hallsewg_w -20.37 -26.39 81.99 75.91
eerbeeksewg N787 -443.88 -435.48 -577.49 -732.12
windheuvelstr -28.14 -54.58 -312.50 74.36
kanaalweg N786 -19.98 -19.98 -19.98 -19.98
dierenseweg -14.09 -12.53 -14.09 -67.56
arnhemsestraat_1 N348 -19.89 -19.89 -19.89 -19.89
arnhemsestraat_2 N348 -2.12 -1.61 -2.12 -19.67
Relative changes in probabilities for successful road crossing for the Canidae species in the 
area, calculated for 2015 and for the 3 different scenarios (calculated with the trafﬁ c numbers 
calculated by Van den Berg, 2005)
Ri, relative
Species Road 2015 Accessible Rural Area
Rest and 
Accessibility
Rest and 
Space
Fox kn_str -18.27 -60.78 76.43 76.43
rh_str -35.35 -80.58 72.90 72.90
voorst_str_s -63.30 67.34
voorst_str_w -63.30 -95.17 -692.40 67.34
hoevestg -42.05 -93.19 71.59 71.59
langedk -31.97 -76.03 73.65 73.65
vosstr -45.17 -93.66 70.96 70.96
hallsewg_s -20.37
hallsewg_w -20.37 -26.40 81.99 75.91
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eerbeeksewg N787 -421.12 -413.07 -549.21 -697.49
windheuvelstr -28.14 -51.85 -301.45 74.36
kanaalweg N786 -19.99 -19.99 -19.99 -19.99
dierenseweg -14.09 -12.53 -14.09 -67.60
arnhemsestraat_1 N348 -19.95 -19.95 -19.95 -19.95
arnhemsestraat_2 N348 -2.12 -1.61 -2.12 -19.70
- 77 -Wetenschapswinkel Wageningen UR Rapport 224
Crossing Wild
Appendix 14 
Relative changes in probabilities for successful road crossing for the amphibian species in the 
area, calculated for 2015 and for the 3 different scenarios (calculated with the trafﬁ c numbers 
calculated by Van den Berg, 2005)
Ri, relative
Species Road 2015 Accessible Rural Area
Rest and 
Accessibility
Rest and 
Space
common toad (m) kn_str -30.88 -31.50 60.69 60.69
rh_str -27.17 -31.26 59.84 59.84
voorst_str -41.07 -45.71 -209.32 56.47
hoevestg -25.04 -28.83 59.18 59.18
langedk -18.63 -22.15 60.75 60.75
vosstr -23.45 -27.37 60.75 60.75
hallsewg -10.63 -13.49 68.03 60.43
windheuvelstr -97.51 -103.24 -218.79 33.78
hallse dijk -11.72 -11.72 -11.72 -11.72
eerbeekseweg -7.70 -7.38 -11.53 -14.06
common toad (f) kn_str -30.46 -31.08 60.41 60.41
rh_str -26.69 -30.69 59.50 59.50
voorst_str -40.43 -44.97 -201.37 56.17
hoevestg -24.51 -28.21 58.77 58.77
langedk -18.20 -21.62 60.29 60.29
vosstr -23.02 -26.86 60.39 60.39
hallsewg -10.29 -13.05 67.46 59.82
windheuvelstr -95.27 -100.80 -209.65 33.51
hallse dijk -11.45 -11.45 -11.45 -11.45
eerbeekseweg -6.85 -6.58 -10.11 -12.17
crested newt (m) kn_str -30.06 -30.66 60.14 60.14
rh_str -26.24 -30.15 59.16 59.16
voorst_str -39.81 -44.26 -193.88 55.88
hoevestg -24.02 -27.62 58.39 58.39
langedk -17.77 -21.10 59.84 59.84
vosstr -22.62 -26.37 60.04 60.04
hallsewg -9.98 -12.65 66.94 59.25
windheuvelstr -93.22 -98.55 -201.43 33.27
hallse dijk -11.20 -11.20 -11.20 -11.20
eerbeekseweg -6.19 -5.94 -9.01 -10.73
crested newt (f) kn_str -29.82 -30.42 59.98 59.98
rh_str -25.96 -29.82 58.95 58.95
voorst_str -39.44 -43.83 -189.47 55.70
hoevestg -23.72 -27.26 58.15 58.15
langedk -17.52 -20.79 59.57 59.57
vosstr -22.37 -26.07 59.82 59.82
hallsewg -9.79 -12.39 66.61 58.88
windheuvelstr -91.93 -97.15 -196.40 33.11
hallse dijk -11.05 -11.05 -11.05 -11.05
eerbeekseweg -5.75 -5.53 -8.30 -9.81
spadefoot toad kn_str -32.59 -33.26 61.83 61.83
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rh_str -29.13 -33.59 61.27 61.27
voorst_str -43.70 -48.74 -243.67 57.70
hoevestg -27.19 -31.40 60.82 60.82
langedk -20.36 -24.28 62.54 62.54
vosstr -25.21 -29.50 62.24 62.24
hallsewg -12.05 -15.36 70.27 62.90
windheuvelstr -106.96 -113.59 -259.39 34.87
hallse dijk -12.83 -12.83 -12.83 -12.83
eerbeekseweg -11.93 -11.39 -18.99 -24.51
common newt kn_str -27.56 -28.10 58.44 58.44
rh_str -23.35 -26.72 56.96 56.96
voorst_str -35.98 -39.86 -151.48 54.04
hoevestg -20.85 -23.86 55.79 55.79
langedk -15.22 -17.97 56.96 56.96
vosstr -20.01 -23.23 57.71 57.71
hallsewg -7.92 -9.96 63.12 55.09
windheuvelstr -80.03 -84.18 -152.99 31.61
hallse dijk -9.56 -9.56 -9.56 -9.56
eerbeekseweg -2.51 -2.43 -3.33 -3.68
common frog (m) kn_str -33.58 -34.27 62.44 62.44
rh_str -30.24 -34.92 62.07 62.07
voorst_str -45.22 -50.48 -264.47 58.38
hoevestg -28.40 -32.84 61.73 61.73
langedk -21.33 -25.48 63.52 63.52
vosstr -26.21 -30.70 63.07 63.07
hallsewg -12.83 -16.40 71.45 64.20
windheuvelstr -112.41 -119.57 -284.08 35.50
hallse dijk -13.44 -13.44 -13.44 -13.44
eerbeekseweg -14.62 -13.94 -24.00 -31.95
common frog (f) kn_str -33.54 -34.22 62.42 62.42
rh_str -30.19 -34.85 62.03 62.03
voorst_str -45.14 -50.39 -263.44 58.35
hoevestg -28.34 -32.77 61.68 61.68
langedk -21.28 -25.42 63.48 63.48
vosstr -26.16 -30.64 63.03 63.03
hallsewg -12.79 -16.35 71.39 64.14
windheuvelstr -112.15 -119.28 -282.87 35.47
hallse dijk -13.41 -13.41 -13.41 -13.41
eerbeekseweg -14.50 -13.81 -23.76 -31.58
- 79 -Wetenschapswinkel Wageningen UR Rapport 224
Crossing Wild
Appendix 15 
Land use map of the Brummen study area
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Appendix 16
Detailed overview of the areas in the Brummen study area which are part of the European 
habitat directive (source; http://www2.minlnv.nl/thema/groen/natuur/natura2000/
gebieden/101/gebied101.htm)
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Appendix 17
Discussion evening with actors in the area
A discussion evening was organised to get an idea of what the actors in the area would like with 
the area and their thoughts about the three scenarios. Each group was aksed to give their view 
of the ideal area in the future, the current problems in the area and the pros and cons of the 
three scenarios. One group consisted of represented the residents of the rural area, one of the 
residents of the villages and rural area, one consisted of naturalists and one represented the 
economic sector.
Group 1: residents of the rural area
Ideal view for the future
The participants in this group strive to safer roads and a more serene surrounding. Mentioned 
are for instance 30km/h as maximum speed, no trucks, unpaved roads, bicycle - and hiker 
friendly, separating different types of trafﬁ c and centralizing the trafﬁ c in the area.
Problems current situation 
• Because the highway A1 is very busy (each morning the trafﬁ c is jammed), people start 
searching for a short cut across the new IJsselbridge in Zutphen through the rural area of 
Brummen onto the Kanaalweg. 
• The speed restriction (60 km/h) signs are placed very unfortunately; drivers may not realize 
themselves that there is a speed limit. 
• There is also too little surveillance. 
• The municipality of Brummen has enhanced trade and industry; this attracts trafﬁ c and is not 
in line with the rural character of the area.
• Trafﬁ c is always looking for the route with the lowest resistance.
Scenario Rest and Space
This scenario is welcomed enthusiastically. This scenario has almost exclusively advantages for 
the residents of the rural area. Some disadvantages are however also mentioned:
• The soccer club (the Vrolijke Frans) still should still be reachable. This leads to a lot of trafﬁ c 
already, is the rest still a substantial proportion?
• The surveillance on the speed limits is seen as a problem.
• The design ﬂ aw in the trafﬁ c ﬂ ow from the Eerbeekseweg into the housing area needs an 
alternative or adaptation.
Scenario Rest and Accessibility
Advantages:
• Most of the vehicles need to move somewhere, they should take the logic route
• The inconvenience is limited to only one road
• It is feasible (not futuristic).
This second scenario leads to some discussion: which road will be upgraded? By pointing one 
road as the new (extra) major road, the residents of this road will be harmed. This discussion 
does not lead to a satisfying result. The Eerbeeksweg has this function as major road and is 
designed for this. Does the Eerbeekseweg still has the capacity to carry extra trafﬁ c?
Scenario accessible rural area
Advantage:
• Separate bicycle pathways and sidewalks
Disadvantages:
• Mitigating measures can not be placed in the area, because they will be submerged
• A larger trafﬁ c capacity attracts extra trafﬁ c, which leads to a constant struggle between 
extra trafﬁ c, measures to carry these extra numbers, which will attract extra trafﬁ c again, 
etc.
• It is in conﬂ ict with the rural destination of the area.
• Not feasible, no support.
• It will deter recreation.
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It is expected that this scenario will eventually attract extra trafﬁ c. By improving the connection 
between Brummen and Eerbeek in the rural area, more trafﬁ c is attracted to use the rural area.
Group 2: residents of the rural area and the villages
Ideal view for the future
To spare the natural areas, by leading the trafﬁ c around these areas, is considered ideal for most 
of the participants in this group. For some it is however valuable to drive across a calm road from 
Brummen to Eerbeek, by car or by motorcycle. But not exceeding the speed limits, but also not 
below the speed limits.
As disadvantage of the ﬁ rst view is mentioned that the residents itself need to make a detour 
themselves. This view will lead to very crowded main roads. The residents think this view is not 
realistic; a junction is needed, because of the current trafﬁ c intensities.
Problems current situation 
Especially the trafﬁ c behaviour is seen as a large problem. The high intensities in combination 
with the high driving speeds make it difﬁ cult to stimulate recreation. Also the ecology in the area 
is limited by the current road use. The bottlenecks for the area are encountered at higher scale 
level: the problem near Zutphen (N348), the development of a new housing area, the connection 
of the Eebeekseweg in Brummen (the Pothof). Especially the throughtrafﬁ c leads to the high 
trafﬁ c intensities during rush hour.
Suggestions
Concrete practical solutions for racers, a route for children going to school, clear pointing of a 
route (limiting the search for routes through the area). The route planners now lead the drivers 
through the area, ﬁ nd possible solutions for that. Solving the problem at higher scale level 
(Dieren-Zutphen, Zutpen-Deventer).
Group 3; the Naturalists
Ideal view
A trafﬁ c calmed area, but accessible for residents only, otherwise it is not feasible. Looks like 
scenarios Rest and Space.
Problems current situation 
The road kill victims and the isolation of the species. To solve this the minor rural roads should 
be made trafﬁ c calmed permanently and the larger roads should have a good connection with 
the other provincial roads (like the N787 with the N348).
Scenario Accessible Rural Area
This scenario is not seen as a serious option by this group. It will lead to a large decrease of the 
ecological values in the area.
Scenario Rest and Accessibility
This scenario is seen as an improvement to the current situation (if the minor rural roads become 
really trafﬁ c calmed), but some disadvantages are mentioned:
• A second road (besides the Eerbeekseweg), would be a junction between Eerbeek and Zut-
phen, but only a junction between Brummen and Eerbeek is needed.
• The old IJsselbridge will probably made more trafﬁ c calmed, which makes the N348 the 
main road for trafﬁ c from Zuthpen-Brummen and Zuthpen-Eerbeek, which means no second 
junction is needed.
• A second junction origins from the human desire to create roads again and again and again.
• There is no suitable second junction.
• An alternative for this second junction causes too much disturbance.
Scenario Rest and Space
Advantages:
• A trafﬁ c calmed rural area, space for animals and new possibilities for current isolated spe-
cies or species which are road kill sensitive (especially the badger and the more rare amphi-
bian species like spade foot toad and crested newt)
• No barriers for migrating animals
• If there is one major road that functions as junction, than this road can adapted with mitiga-
ting measures quite easily. This is more difﬁ cult with more roads (larger costs, not feasible, 
less functional because the animals keep travelling from underpass to underpass)
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• Role for the public transport
Disadvantages:
• Role for the public transport, with this people will use their cars more often
• Without a good connection this scenario will not work (like in the current situation)
• With safety measures the connection becomes less
• The connection between the major junction road and the provincial roads should be made 
attractive to use, otherwise it will not be used
• Solutions to make the other road trafﬁ c calmed
Group 4; the trade sector
Scenario Rest and Space
In combination with the development of the new housing area ‘the Hoven’ no options are seen 
for development of this scenario. The trafﬁ c intensities are this high, that measures to make it a 
trafﬁ c calmed area will lead to an overload on the roads edging the area. The connection at the 
Pothof will jam with this scenario.
Scenario Rest and Accessibility
The Pothof and the development of the Hoven are mentioned as bottlenecks. The advice 
formulated is: To solve these bottlenecks and leave the other roads as they are at the moment.
Scenario accessible rural area
This group assumes that this scenario will lead to an increase in the trafﬁ c intensities.
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Appendix 18
Species Translation list English-Dutch
Crested newt    Kamsalamander
Spade foot toad    Knoﬂ ookpad
Common toad    Gewone pad
Common frog    Bruine kikker
Common (or smooth) newt  Watersalamander
Rabbit     Konijn
Hare     Haas
Squirrel     Eekhoorn
Whiskered bat    Baardvleermuis
Natterer’s bat    Franjestaart
Common (or brown) long-eared bat (Gewone of bruine) Grootoorvleermuis
Daubenton’s bat    Watervleermuis
Stoat     Hermelijn
Weasel     Wezel
Pine marten    Boommarter
Polecat     Bunzing
Badger     Das
Wild boar    Wild zwijn
Fox     Vos
Red deer    Edelhert
Fallow deer    Damhert
Roe deer    Ree
Hedgehog    Egel
Barn owl    Kerkuil
Kingﬁ sher    IJsvogel
Buzzard     Buizerd
Cuckoo     Koekoek
Wren     Winterkoning
Jay     Gaai
Willow warbler    Fitis
Woodpigeon    Houduif
Golden oriole    Wielewaal
Woodcock    Houtsnip
Pheasant    Fazant
Coldcrest    Goudhaan
Tree pipit    Boompieper
Meadow pipit    Graspieper
Woodwarbler    Fluiter
Magpie     Ekster
Mallard     Wilde eend
Coot     Meerkoet
Blue tit     Pimpelmees
Lesser Spotted Woodpecker  Kleine bonte specht
Hawﬁ nch    Appelvink
Black tailed Godwit   Grutto
Chafﬁ nch    Vink
Lapwing     Kievit
Skylark     Veldleeuwerik
Shoveler    Slobeend
Slow worm    Hazelworm
Grass snake    Ringslang
